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ABSTRACT OF DISSERTATION

EPIDEMIOLOGY OF UPPER EXTREMITY INJURIES IN HIGH SCHOOL SPORTS

Participation in high school sports has seen a steady increase over the past four
decades. With nearly eight million student-athletes participating, careful monitoring of
injuries related to their participation is imperative. Injury surveillance efforts through
national databases have produced a multitude of studies detailing injuries that occur in
specific sports, specific body parts, or particular diagnoses. The lower extremity tends to
be injured more frequently than the upper extremity resulting in various comprehensive
analyses on that particular body area. Currently, there are no comprehensive reports on
the epidemiology of injury to the upper extremity in student-athletes participating in high
school sports.
The first purpose of this dissertation was to describe time-loss injuries that
affected six specific body areas of the upper extremity: shoulder/clavicle, upper arm,
elbow, forearm, wrist, and hand/fingers. The second purpose was to investigate non-timeloss injuries to the six body areas, specifically the associated mechanisms of those
injuries. The third purpose was to determine time to return to play after injury to each of
the six body areas previously mentioned.
The first study demonstrated that the shoulder/clavicle and hand/fingers
accounted for more than two-thirds of all time-loss upper extremity injuries. These
injuries were primarily sprains, fractures, and contusions caused by a contact mechanism.
In the second study, results demonstrated that for non-time-loss injuries, the hand/fingers
sustained more injuries than all other areas. Diagnoses were predominantly sprains and
contusions as a result of a contact mechanism. In the third study, time-to-event analysis
techniques were used to provide probability estimates on return to play after a time-loss
injury. After post-hoc analysis, there was no significant difference in time to return
among the six body parts of the upper extremity. From a clinical perspective, the
difference in time to return to play would have an impact on the number of competitions
an athlete would miss during a week as the median days to return ranged from 6 days to
14 days. When comparing time to return between fractured body areas, time to return
after a shoulder/clavicle fracture was statistically longer than forearm, wrist, or
hand/finger fractures. Time to return for shoulder sprains was statistically longer than

hand/finger sprains. Overall, 50% of upper extremity injuries returned to play in 7 days
or less unless it was a shoulder/clavicle or forearm fracture.
These results provide much needed information regarding how the upper
extremity is affected due to injury caused by participation in high school athletics.
Clinically, this research adds a comprehensive analysis of time-loss and non-time-loss
injuries to the upper extremity in a wide variety of sports. This research adds to the
sequence of injury prevention to be used by stakeholders to improve safety and focus
interventions
KEYWORDS: Injury surveillance, Upper extremity, Return to play, Time-loss, Nontime-loss
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CHAPTER 1. INTRODUCTION
1.1

Background
Participation in high school sports has seen a steady increase over the past four

decades. The most recent participation statistics from the National Federation of State
High School Associations reported that 7.9 million boys and girls participated in high
school sporting activities during the 2017-2018 academic year.1 This number reflects an
increase of nearly 1.3 million more participants since the year 2000. With the continued
increase in sports participation, it is imperative that researchers track and learn about the
injuries that occur while participating in high school sports. Previous research has shown
that high school athletes accounted for an estimated 2 million injuries, 500,000 doctor
visits and 30,000 hospitalizations yearly.2

Athletic trainers and other health care

providers aid in injury tracking by participating in surveillance programs designed to
capture this injury information.
In a benchmark study, it was revealed that only 37% of public high schools in the
United States have access to full time athletic training services and not every patient with
a sports injury seeks medical intervention.3 As a result, the true burden of athletic
injuries in this population is unknown. Sports injury epidemiology strives to evaluate the
incidences and risk factors of sports participation along with the preventive measures for
injury.4 These data that injury surveillance programs capture and report can provide a
foundation for evidence-based decision making with regard to sports health, safety
concerns and injury prevention efforts. The National Collegiate Athletic Association
began tracking injury data in college sports in 1982. For decades, injury and exposure
data has been used by committees to evaluate and analyze health and safety concerns at
1

the collegiate level.5 Efforts are being made to achieve these same goals in high school
sports.
1.2

History of Sports Injury Surveillance Programs in the High School Setting
One of the earliest sports injury surveillance programs dates back to the 1970’s

with the implementation of the National Athletic Injury Reporting System (NAIRS)
project.6 This program used athletic trainers to document and report injuries and
exposures through paper-based methods that were then shared with researchers. This
system was cumbersome requiring athletic trainers to document injury information twice,
once for medical record keeping and another for the surveillance system. Subsequently,
only injuries that kept student-athletes from participating were included in this system.
Two additional surveillance programs have been primarily responsible for the
recording of and reporting about injuries that occur in the high school population.

In

2005-2006, the National High School Sports-Related Injury Surveillance System (High
School Reporting Information Online [RIO]; Nationwide Children’s Hospital, Columbus,
OH), began collecting injury surveillance data on all time-loss injuries in a national
sample of all United States high school athletes.7 This internet-based data collection tool
is maintained annually and captures athletic exposures, injury, and injury event data as
reported by certified athletic trainers. Both the NAIRS project and HS RIO surveillance
programs have used the traditional operational definition of injury which is defined as
those injuries that restrict the student-athlete’s participation for at least 24 hours beyond
the day of injury.6,7
Over 100 studies and reports have been published using the HS RIO data
including recent publications summarizing a decade’s worth of injury surveillance

2

information from various sports such as volleyball, soccer, wrestling, softball, baseball,
field hockey, ice hockey and lacrosse.8-17 These studies describe the epidemiology of
injuries in one specific sport resulting in the reporting of injuries that have the highest
frequency or rate. Other reports from HS RIO describe injuries sustained in one specific
body region such as the knee, ankle, or shoulder.18-21 Johnson et al. reported on a
decade’s worth of hand and wrist injuries from this database however the description of
the injuries to the hand and wrist were grouped together making for an unclear picture of
the true epidemiology of injuries to these individual body areas.22 Despite the many
excellent studies using this database, there remains a deficiency of comprehensive
information about injuries to the entire upper extremity, especially the distal area
including the elbow, forearm, wrist and hand as these body areas are injured less
frequently.
Beginning in 2011, an additional surveillance program initiated data collection of
injuries sustained during high school sports participation.23 This program, deemed the
National Athletic Treatment, Injury, and Outcomes Network (NATION), used the
electronic injury-tracking software that athletic trainers use in their clinics to document
injuries.

The methods for data export and quality control have been previously

documented in the literature.23 The NATION surveillance program looked to continue
the collection of time-loss injuries, but also desired to go beyond the traditional definition
of injury and describe injuries known as non-time-loss. Non-time-loss injuries were
defined as any injury (other than fractures, concussions, and dental injuries) that were
evaluated or treated (or both) by an athletic trainer, physician, or other health care
professional but did not result in restriction from participation beyond one day.24,25

3

Reports utilizing the non-time-loss data have broadly described that the frequency of nontime-loss injuries far outweigh the frequency of time-loss injuries.23,26 Non-time-loss
injuries are a significant burden to the health care provider managing these as many
require daily interaction and a larger average number of athletic training services per
athletic training room visit.27
The data from the NATION surveillance program has reported findings on
concussions, athletic trainer services for knee and ankle injuries, and rowing injuries.28-31
Another area of expansion in this program was the delineation of body regions in the
distal upper extremity, essentially separating the wrist from the hand and fingers.
Although this separation is present in this database, there has yet to be a comprehensive
analysis of upper extremity injuries. As injuries to these body regions are very different
and require different treatment approaches, it is essential to investigate them separately.
Athletes with upper extremity injuries may be able to return to activity after minimal
care; however, if these injuries are not treated in a timely manner, permanent disability
may result.32
Even with the knowledge of non-time-loss injuries occurring more frequently than
those with time-loss, understanding and providing a prognosis on when an athlete can
return to sport after a time-loss injury is vital. Time-loss injuries tend to have a greater
effect on activities of daily living and require more clinical resources and individual time
from the health care provider.23 Descriptive epidemiological studies that address timeloss injuries typically report the amount of time away from sport in a range of days
similar to: 1-6, 7-13, or 14-29 days. From a clinical perspective, these ranges are too
expansive and do not provide the level of accuracy that athletes desire. Studies utilizing

4

a prognostic approach in this population have been limited to concussions and ankle
injuries with no inclusion of the upper extremity.33
1.3

Statement of the Problem
There are three areas in particular that if addressed, would provide a more

comprehensive foundation about injuries to the upper extremity in high school sports.
First, the majority of the previous studies grouped upper extremity injuries into three
regions and did not recognize the specific components of wrist and hand injuries.
Consequently, injuries to these body regions may not have received the individual
rehabilitation attention needed for proper care.
Second, when determining return to play for time-loss athletic injuries, clinicians
utilize guidelines based on the severity of the initial injury, rates of healing, and return of
strength.34 Return times are often reported as a wide range of days lost due to the injury.
Prognostic values for return, which are an evidence-based objective measure using the
actual number of days lost from participation, would result in a more meaningful
approach to establishing return to play timeframes.
Lastly, not all injuries that occur in sports participation result in time-loss. Nontime-loss injuries have been shown to comprise large proportions of the injuries reported
in high school sports which results in an increased burden on the participant and the
health care providers managing those injuries on a daily basis.26 What is unknown about
non-time-loss injuries is how the upper extremity is affected and contributes to these
data. With more research addressing non-time-loss injury in multiple settings and sports,
unknowns about the time and resources associated with these injuries can be brought to
light. This study is designed to investigate these gaps in the literature.

5

1.4

Statement of the Overall Purpose
The overarching aim of this research is to describe the epidemiology of upper

extremity injuries in high school athletes as provided by the NATION Surveillance
Program over academic years spanning from 2011/2012 through 2018/19. This will
provide a more detailed understanding of injuries in the upper extremity by describing
each individual body area and those injuries that are non-time-loss, time-loss and the
subsequent prognostic return-to-play timeframes to potentially improve interventions for
these injuries along with informing future research about them. Within this global aim,
there are three specific aims:
1.5

Specific Research Aims and Hypotheses
This dissertation is divided into three separate studies each with a different focus,

however, data from the NATION surveillance program will be used to address each aim.
Study One: Epidemiology of Time-Loss Upper Extremity Injuries in High
School Sports
Specific Aim 1: To describe the epidemiology of injuries involving the upper extremity
in high school athletes that specifically divides the upper extremity into distinct regions
of shoulder, upper arm, elbow, forearm, wrist, and hand/fingers. This is a descriptive
epidemiological study of time-loss upper extremity injuries divided into six regions of the
upper extremity, across three sport categories (collision/contact, limited contact,
noncontact), by sex, and exposure type. Injury rates and rate ratios will be calculated
across body region, type of sport, individual sport and sex along with providing a total
injury rate for the upper extremity. Injury counts by body region and diagnosis will be
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included. This study will provide insight to health care providers about which sport
categories and body regions of the upper extremity have the highest injury rates.
Study Two: Epidemiology of Non-Time-Loss Upper Extremity Injuries and
Associated Mechanisms in High School Sports
Specific Aim 2: To describe the epidemiological patterns of select non-time-loss injuries
with associated mechanisms for the upper extremity in high school athletes that
specifically divides and reports upper extremity into distinct regions of shoulder, upper
arm, elbow, forearm, wrist, and hand/fingers. This is a descriptive epidemiological study
of non-time-loss upper extremity injuries divided into six regions of the upper extremity,
between three sport categories (collision/contact, limited contact, noncontact), by sex and
exposure type. Injury counts by body region and diagnosis will be included. From this
aim, health care providers will gain knowledge on those aspects that contribute to and
affect non-time-loss injuries.
Study Three: Return to Play Timeframes after Non-Surgical Time-loss Upper
Extremity Injury in High School Sports: A Report from the National Athletic
Treatment, Injury and Outcomes Network (NATION)
Specific Aim 3: To calculate return to play timeframes using time-to-event analysis
techniques for time-loss injuries to the upper extremity and compare time to return across
body areas.
We will calculate time to return to sport after injury through time-to-event
analysis methods using Kaplan-Meier survival curves. A log rank test will be used to
determine if time to return differences exist between the six body regions and select
injury types. Estimates will be calculated for time-loss injuries for each body region
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including the shoulder, upper arm, elbow, forearm, wrist, and hand/fingers. These return
time estimates will provide clinicians managing these body areas for this population
evidence to support their estimates of prognosis to return to play.
1.6

Statement of Overall Significance
The surveillance data collected from 2011/2012 through 2018/2019 will provide

clinicians with a descriptive picture of the injuries that occur to the upper extremity in
various high school sports. This information can be used to inform future research and
improve clinical practice by providing injury details and risk factors for lesser studied
body regions. This knowledge will allow clinicians and policy makers an opportunity to
consider positive change towards sports participation safety through focused
interventions as shown previously by the NCAA and various high school athletic
associations with their adoption of new rules and equipment considerations. Results from
this study will affect clinical practice by providing evidence-based estimates on time to
return to play and will allow health care providers to better educate the injured athlete,
coach, and parents regarding time-loss from activity and will fill a significant gap in the
literature.
1.7

Operational Definitions
Athlete-exposure: One student-athlete participating in 1 high school-sanctioned

practice or competition in which he or she was exposed to the possibility of athletic
injury, regardless of the time associated with that participation. Only athletes with actual
playing time in a competition were included in competition exposures.
Injury: An injury that must have been evaluation or treated (or both) by an AT,
physician, or other health care professional.

8

NATION-SP: National Athletic Treatment, Injury and Outcomes Network
Surveillance Program; the name of the project designed to collect time-loss and non-time
injury data from participating high schools.
Time-loss injury: Any injury that was evaluated, treated (or both) by an AT,
physician, or other health care professional that required the student-athlete to be
restricted from participation for at least 24 hours past the day of injury and occurred
during a sanctioned practice or competition. Time-loss injuries also included all fractures,
concussions, and dental injuries, regardless of actual time-loss.
Non-time-loss injury: Any injury (other than fractures, concussions, and dental
injuries) that was evaluated, treated (or both) by an AT, physician, or other health care
professional but did not result in restriction from participation beyond 1 day and occurred
during a sanctioned practice or competition.
Return to play: Clearance of an athlete to return to scheduled team activities, even
if with limitations/accommodations.
Censoring: When an athlete’s time to return to play is greater than their last
observed follow-up time. In this study, right censoring occurred and is described as when
an athlete does not return to play during the season.
1.8

Assumptions


Participants in the NATION Surveillance Program will record and report data
completely and truthfully.


1.9

Processors of the NATION data will do so completely and truthfully.
Limitations



There are data missing and will need to be excluded from analysis.

9



Injuries that were originally described as “other” in the NATION data were
evaluated by the authors and changed to one of the injury categories. This
modification was made on 109 injuries and the new diagnosis was based upon the
evaluation of other risk factors including mechanism of injury, activity at the time
of injury and outcome.

1.10 Delimitations


Data are provided through the NATION Surveillance Program which uses a
convenience sample of high schools with an AT present.



Data was evaluated and processed by quality control members from the Datalys
Center.
Data are available in datasets for academic years 2011/2012 through 2013/2014

and 2014/2015 through 2018/2019.
1.11 Summary
Understanding the burden of sports injury to all body areas of the upper extremity
is an important aspect of sports injury epidemiology, especially for clinicians. Often, the
specific areas of the upper extremity are grouped into larger categories due to less injury
frequency. It is necessary to describe and understand how the entire upper extremity is
affected by sports injury in order to provide appropriate treatment, rehabilitation, and
prevention strategies to each area. Return to play prognoses for the upper extremity must
also be developed to aid in evidence-based clinical decision making to better prepare
athletes, clinicians, and other stakeholders with this knowledge surrounding specific
injuries.
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CHAPTER 2. LITERATURE REVIEW
2.1

Introduction
Sports injuries can have negative impacts on the overall health and well-being of

young athletes. Strategies to reduce injury rates are founded upon sound epidemiologic
studies that provide an accurate assessment of the injury including the incidence, risk
factors and outcomes. Many studies describing the epidemiology of injury in high school
athletes are sport-specific e.g. lacrosse, baseball or ice hockey.8-17,35-37 Other studies focus
on one specific body area, e.g. knee, ankle or shoulder dislocations.18,21,38 Previous
studies on high school athletes have found that injury rates vary by sport and over half of
the injuries occur in the lower extremity.39 It may seem intuitive to focus on the body
regions that have the highest incidence of injury; however, the costs associated with
injury to the hand and wrist have been ranked as one of the most expensive injury
categories when examining healthcare and productivity costs.32 The purpose of this
literature review is to 1) discuss current sports injury surveillance programs and how the
upper extremity is examined in that literature, 2) discuss the current epidemiology of
time-loss and non-time-loss injuries in the upper extremity, and 3) explore return to play
outcomes using time to event analysis methods for upper extremity injuries in the sports
medicine literature.
Sports medicine literature published through December 2019 was searched using
SPORTDiscus, Medline, and CINAHL through EBSCOhost. Search terms included
sports injury surveillance, sports injury epidemiology, injury incidence, high school
athletes, upper extremity, shoulder, arm, elbow, forearm, wrist, hand, return to play, and

time to return. Publications identified were limited to peer-reviewed journal articles
including original research, systematic reviews and meta-analyses.
2.2

Injury-Surveillance Programs for High School Sports
For decades, participation in high school sports has increased on an annual basis.

Despite the many positives of participation in sports, the risk of injury is present. In
order to examine the incidence and risk factors of these resulting injuries, surveillance
programs were introduced to track this information. The findings gained from these
injury tracking programs play a vital role in prevention efforts. Van Mechelen et al.
proposed a “sequence of prevention” model describing injury prevention research as a
cyclical process.40 The model described four steps that include establishing the incidence
and severity of the injury problem, exploring the mechanisms of injury, developing and
implementing preventive measures, and lastly assessing the effectiveness of those
measures. Additions to this initial model include how to translate the research and
implement the preventive measures into clinical practice

41

along with evaluating the

efficacy, efficiency and patient compliance with the proposed prevention program.41,42
These models maintain that epidemiology and surveillance are an integral initial step to
describing the problem in the designated population.
The National Athletic Injury Reporting System (NAIRS) was implemented in the
1970s and is one of the earliest sports injury-surveillance projects.43 The goal of this
project was to collect injury/illness data in a continual and nationally uniform manner.
Health care providers had to document each injury twice: once for medical records and
again to report the injury to NAIRS. This was time consuming and burdensome to the
participants, restricting data collected to only injuries that resulted in time lost from
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participation. These injuries were known as time-loss injuries and were defined as those
injuries that restrict participation for at least 24 hours beyond the day of injury. The
NAIRS project identified injury patterns in selected sports, differences in injury rates
between men’s and women’s sports, as well as injury rate differences between practices
and competitions. Various publications resulted from this surveillance program including
reports on both men’s and women’s sports.44-46
In 1982, the National Collegiate Athletic Association (NCAA) began an injury
surveillance system (ISS) to track athletic injury and exposure data from various NCAA
institutions.5 This program utilized the data to help committees regarding health, rules,
and safety policies address any issues and facilitate evidence based decision making.
Data collection was restricted to injury information surrounding time-loss injuries,
comparable to the NAIRS. To more accurately reflect the burden of all types of injuries
sustained, from 2000-2002, a select group of schools began collecting information on
non-time-loss injuries and treatment frequencies as well as the traditional time-loss
injuries.25 Non-time-loss injuries were eventually defined as an injury evaluated by a
health care provider that did not result in restriction from play for >24 hours.47
The NCAA-ISS grew to include more sports and eventually progressed to a Webbased platform during the 2002-2004 academic years with formal data collection
beginning in 2004-2005. The NCAA later partnered with an independent nonprofit
research organization, Datalys Center for Sports Injury Research and Prevention, Inc
(Datalys Center, Indianapolis, IN) in 2009.

This new partnership allowed for

dissemination of data to interested researchers along with the Datalys Center leading new
data collection efforts. Due to this change, the NCAA-ISS was renamed the Injury
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Surveillance Program (ISP). The NCAA-ISP began regular collection of both time-loss
and non-time-loss injury information in the 2009-2010 reporting season.47

NCAA

member institutions and the Datalys Center continue to collect injury surveillance data
from a convenience sample and recently released several reports summarizing injury data
collected over a 10-year span. Each report describes the injury incidence and associated
risk factors for a specific sport, body area, or injury diagnosis.4 However, none of these
decade reports have been specific to the upper extremity at this time.
One recent report with the data from the NCAA-ISP has examined the incidence
of injury to the entire upper extremity, however, it was specific to men’s and women’s
ice hockey.48 Another report described hand and wrist injuries in NCAA men’s football
over a 5 year period.47

Other reports using the collegiate data describe various

combinations of shoulder and elbow injuries in both football49 and wrestling11, elbow
ulnar collateral injuries in throwing versus contact athletes50, elbow dislocations and
subluxations in all sports51, along with others.
More than 480,000 student-athletes participate in NCAA sports; however, nearly
eight million student-athletes participate while in high school yielding a large population
at risk for sports injury. In order to advance the investigation of sports injuries at the high
school level and to be more comparable to the collegiate efforts of injury surveillance, the
National Athletic Trainers’ Association (NATA) commissioned a study regarding injury
incidence in selected high school sports beginning in 1985.52 For three years, 150
schools collected data on time-loss injuries for football, boys’ and girls’ basketball and
wrestling. Several years later in 1995, the NATA again commissioned a study but on a
larger selection of high school sports.2 The goals were to identify the injury risk as
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measured through injury patterns to provide the basis for repeated evaluation of injury
prevention programs. In these early projects, body areas were often grouped together for
analysis purposes not allowing for a clear picture on how each area of the body was truly
affected by injury. In this last program, the shoulder and arm were presented as one body
region and the forearm, wrist, and hand was represented as another region.2

This

combines five separate areas which makes estimates very biased as specific injuries and
regions are not delineated.
The implementation of a web-based platform at the collegiate level helped spawn
a new high school sports injury surveillance program.

In 2005, the High School

Reporting Information Online (HS RIO) program was initiated with the goal of collecting
time-loss injury data on athletes from nine sports in a national random sample of high
schools in the United States.7 In the years following, a convenience sample of schools
and sports were added to broaden the efforts. High School RIO did not record data on
non-time-loss injuries other than fractures, concussions, heat-related injuries or illnesses,
and dental injuries. Over 100 reports have been published using injury data from this
surveillance program. Of those reports, eight have focused on the upper extremity with
three reporting sport specific injury information for only baseball/softball athletes.53-55
One study reported the epidemiology of hand and wrist injuries in the high school
population, however, the hand and wrist were grouped together and not investigated as
individual body regions providing an unclear picture of exactly how the hand or wrist
were affected.22

Hand and wrist injuries are not interchangeable and the treatment

approach will vary for each body area. The United States Bureau of Labor Statistics,
under the operation of the Occupational Safety and Health Administration, collects
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workplace injury information on the hand and wrist separately. Following this format
would allow for potential comparisons of sports and work injury rates and characteristics.
Although the number of athletes participating in high school sports far outweigh
those in collegiate sports at all levels, there is a paucity of recent epidemiologic literature
outside that of the HS RIO program, including any discussion on non-time-loss
musculoskeletal injuries.23

To add to the surveillance efforts of high school sports

injuries, the Datalys Center commissioned a surveillance program designed to capture
time-loss and non-time-loss injuries, treatment frequencies and outcome data on a
convenience sample of participating high schools in a broad range of sports. This
program became known as the National Athletic Treatment, Injury and Outcomes
Network (NATION) and began collecting data during the 2011-2012 academic year.
The NATION project worked to collect data on not only time-loss injuries, but
also non-time-loss injuries as there was an underrepresentation of that injury type in other
national injury surveillance programs. Other differences included a separation of body
areas and a continuous count of actual days lost due to injury. Previously described
programs often grouped body areas with low injury incidence together, however,
NATION kept the following body areas separate: shoulder, upper arm, elbow, forearm,
wrist and hand/fingers. By separating these body areas and allowing for investigation
into the individual regions, a clearer picture can be formed about the injury incidence,
risk factors and outcomes and to aid in evaluation of the effectiveness of prevention
programs. Also, NATION opted to collect the actual number of days lost due to injury
resulting in a continuous variable for time-loss. This helps to provide specific return to
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play timeframes. Currently, there is no literature that clearly defines the burden of injury
to all areas of the upper extremity from participation in high school sports.
2.3

Upper Extremity Time-Loss Injuries
The HS RIO program recently published a series of reports summarizing the first

decade of web-based sports injury surveillance and represents a comprehensive
compilation of sports injury data. These reports combine injury information across
comparable sports in order to describe the injury rates and associated injury
characteristics (time in season, practice versus competition, mechanism of injury, body
regions injured and diagnoses, time-loss from activity) among high school and collegiate
student-athletes. Each report summarizes these factors around one specific sport and for
most, they are separated by sex (eg boys’/men’s basketball or girls’/women’s basketball).
The following sports have been included in this series thus far: football, basketball,
lacrosse, wrestling, soccer, boys’ ice hockey, baseball, volleyball, softball, and girls’ field
hockey.4,9-17,35-37
These HS RIO database papers utilized the same operational definitions for body
areas and other variables in each of the studies. The body areas described in each study
included the head/face, neck, shoulder/clavicle, arm/elbow, hand/wrist, trunk,
hip/thigh/upper leg, knee, lower leg, ankle, foot and other. Injury counts and rates were
calculated for each area and stratified by practices and competitions. Additionally, the
most common injuries sustained during competition and per player position were briefly
described. A total of thirteen articles were reviewed in this series to determine the
frequencies and rates of upper extremity injuries. The authors maintained the same
groupings of body areas across all studies: shoulder/clavicle, arm/elbow, and wrist/hand.
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An exploration of the epidemiology of injuries to these upper extremity body areas from
the most recent HS RIO publications is presented in Appendix A.
2.3.1

Limitations in Surveillance Reporting

This series of publications provides much needed injury epidemiology, yet the
studies rarely identify injury diagnoses for individual body regions in a manner that is
comprehensive, easy to find and at times, clinically meaningful.

Instead, what is

described are the injury frequencies and rates for body regions while in a separate
section, the frequencies and rates for the injury diagnoses are described. The rates for
diagnoses do not always accompany body regions, making it difficult for the reader to
identify which body region and diagnosis go together. For example, Kerr et al. described
the injury incidence in high school volleyball players.8 The results indicate that the
hand/wrist was the third most frequent body area to be injured during competition but no
diagnosis is described with that body region nor is it described in the discussion section
of the paper. The ankle was identified as the most frequently injured body area. The
most frequent diagnosis for all body areas, not just the ankle, was sprain. A significant
portion of the discussion on common injuries included describing characteristics
surrounding the injury identified as “ankle sprain” with little discussion on injuries that
occurred less frequently. This report, along with the others in the series, does include a
table that describes the most common injuries with associated mechanisms. The table
presents only 2-3 of the most common injuries and body regions during competitions
only. The table does not include diagnoses and body regions for areas injured less
frequently which ultimately leaves out much of the upper extremity.
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Although this series of reports shows there are sports affected by upper extremity
injuries, it is difficult to determine in these studies what the injury problem is due in
region to an incomplete discussion on individual body areas and associated diagnoses.
Any comparisons of injury rates and frequencies must be made with caution. Many
epidemiologic studies using surveillance data state that comparisons with previous
research should be made carefully due to varying samples of school size, division, and
even access to healthcare.4,27,56 Other methodological differences can exist including the
inclusion of time-loss and non-time-loss injuries into the sample, grouping of body areas
and injury types, and the inclusion of the “other” category for various characteristics.4,1215

2.4

Sport Specific and Body Region Specific Reports
Various injury and body area specific reports have also been published using the

HS RIO surveillance program data. For the upper extremity, this includes reports on
shoulder injuries, dislocations, clavicle fractures, elbow dislocations, hand/wrist injuries,
and shoulder and elbow injuries specifically among baseball and softball players.57,58
22,38,53-55,59-61

2.4.1

Shoulder Injuries

Robinson et al.’s report on shoulder injuries among high school athletes,
analyzing seven years of data from HS RIO, has been the most comprehensive
examination of time-loss shoulder injuries.58 Football had the highest rate of injury and
boys were more likely to sustain their shoulder injuries through contact with another
person.

Overall, shoulder injury rates were significantly higher in competition as

compared to practice. This was also true for eight of the nine sports individually except
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for girls’ volleyball.

The most frequent injury diagnoses were strain/sprain and

dislocation/separation. Resultant time-loss from participation was less than 1 week for
40.7% of the athletes. While this report has been the most comprehensive epidemiologic
study of shoulder injuries in high school athletes, an important limitation of excluding
non-time-loss injuries is noteworthy.
2.4.2

Hand and Wrist Injuries

Hand and wrist injuries are another area that has been studied using the HS RIO
surveillance program. This report aimed to describe injury patterns of the hand and wrist
as sports and recreation were shown to be most commonly associated with youth wrist
injuries.62 Adolescents with hand/wrist injuries may have an impaired ability to write,
type, complete schoolwork and communicate using technology. Large direct and indirect
costs are associated with hand/wrist injuries.63 Across all age groups, these injuries were
ranked as the most expensive body area to injure regarding health care and productivity
costs.

From 2005/06 through 2015/16, hand/wrist injuries accounted for 8.5% of all

injuries reported to HS RIO with football having the largest injury rate of all sports.22
For most sports, injury rates were higher in competition than practice. Fractures were the
most common hand/wrist injury followed by contusions and ligament sprains.

The

mechanism of injury causing the greatest proportion of injury was contact with another
player along with contact with a playing apparatus and contact with playing surface.
Almost half (45.7%) of all hand/wrist injuries saw a time-loss of <7 days while 12.4%
did not return for at least 3 weeks. A small percentage (5.6%) resulted in medical
disqualification and were most frequently fractures. Limitations to this study are that the
hand and wrist were studied as a group, not as individual body areas, and injury to these
20

individual body areas affect activities of daily living uniquely. Another limitation is that
only time-loss injuries were included which underrepresents the true burden of injury to
this area. Kerr et al. found in three years of data from the NATION program that the
hand/wrist was the most often injured body region overall for both boys’ and girls’
resulting in a non-time-loss injury.26 This warrants continued investigation into both TL
and NTL injuries to this area to aid in determining the effectiveness of injury prevention
programs around identified injury characteristics and risk factors.
2.4.3

Injury Subtypes

Other reports have focused on injury subtypes like severe injuries, those resulting
in medical disqualification from sport participation, fractures, and dislocation/separation
injuries but have included all body areas, not just the upper extremity.64-66 The upper
extremity is injured less often when compared to the lower extremity resulting in very
little discussion specific to the upper extremity. Darrow et al. reported on severe injuries
occurring over a two year period in the HS RIO program.64 Severe injuries are defined as
any injury that results in a loss of >21 days sports participation. Among all body sites,
the shoulder ranked third followed by the hand/finger. Tirabassi et al. found that in six of
the nine included boys’ sports, at least one upper extremity body area ranked in the top
three for injury frequency resulting in medical disqualification.65

Injuries included

fractures to the hand, wrist and clavicle and sprain/strain to the elbow. For girls’, three of
the nine sports had an UE body area ranked in the top three with hand fractures and
elbow dislocations.65
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2.5

Upper Extremity Injury – Inclusion of Non-Time-Loss
As previously mentioned, the HS RIO publications describe time-loss injuries,

however, it has been reported that 80% of injuries in high school student-athletes are
considered non-time-loss.26 Using the NATION surveillance program along with the
NCAA-ISP, Kerr et al. described the epidemiology of non-time-loss injuries in both
collegiate and high school sports.26 In high school student-athletes, the proportion of nontime-loss injuries was 1.61 times that of collegiate athletes accounting for 80.3% of all
injuries recorded. This larger proportion of non-time-loss (NTL) injuries among high
school was consistent across all sports included in the report. Boys’ football, girls’ field
hockey and girls’ lacrosse had the highest NTL injury rates for all body areas. Of
particular interest is that the hand/wrist was the most often injured body region overall for
both male and female student-athletes as a NTL injury. The arm/elbow and shoulder
ranked fifth and seventh respectively for NTL injury frequencies in both boys’ and girls’
sports. Boys’ baseball reported that the shoulder was most injured. In girls’ softball, the
arm/elbow sustained the most NTL injuries. This report did not describe the diagnoses or
injury mechanisms specific to any particular body area.
Reports utilizing the surveillance data from the NATION program include boys’
and girls’ rowing, boys’ and girls’ basketball and softball and include both time-loss and
non-time-loss injuries.

In rowing, Baugh et al found a low frequency of injuries

occurring over the three year data collection period.31 Only 59 injuries were reported in
boys’ rowing while 190 injuries were reported for girls’ rowing. The girls’ rowing injury
rate was 3.60 times that of boys. For boys’, there was a higher frequency of injury to the
hand and wrist during practice and competition. For girls’, injuries to the hand/wrist
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were the second most frequent injury to occur. Injuries to the shoulder and arm/elbow for
boys’ and girls’ were minimal. None of the upper extremity injuries for boys’ or girls’
resulted in any time-loss beyond 24 hours. The report does not describe the diagnoses for
the injured body areas. Instead, frequencies for general diagnoses are presented and not
connected to the specific body areas.

When body areas are combined with injury

diagnoses, additional injury characteristics will be gained aiding in the development and
assessment of prevention programs. Despite the limitations in describing the upper
extremity injuries, this paper is noteworthy as one of the first sport-specific reports
including non-time-loss injuries.
The NATION database was recently used to describe time-loss (TL) and nontime-loss (NTL) injuries in boys’ and girls’ basketball.67 A larger proportion of injuries
occurred during practice than competition in both boys’ and girls’ basketball as well as
during the regular season. However, injury rates were higher in competition than practice
for all injuries which is comparable to the HS RIO reports examining TL injuries only.
The hand/wrist was the second most commonly injured body region for boys’ and girls’
basketball regardless of exposure or time-loss category and the majority were NTL.
Mechanisms of injury were described for TL injuries only and varied between boys’ and
girls’ and practices versus competitions. Identifying the mechanisms of NTL injuries can
also help to develop interventions and prevention programs as these types of injuries
require healthcare services as well.
Additionally, the NATION program was recently utilized for a sport specific
investigation on high school softball TL and NTL injuries.68 The NTL injuries accounted
for the vast majority at 83.6% of all injuries. There was a higher injury rate for NTL
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injuries during preseason than regular season but a higher TL injury rate during the
regular season. Similar to other studies reported, a larger proportion of injuries occurred
during practice yet the overall injury rate was higher during competitions. This report
indicated that the most injured body area was the shoulder followed with the hand/fingers
ranking the third most injured. When separating out the NTL injuries, the body areas
most affected were all in the upper extremity: shoulder, hand/fingers, and elbow. The
most common injury diagnoses for both TL and NTL were contusions, strains, and
abrasions. The information gained from this report indicates that softball players sustain
a large proportion of upper extremity injuries compared to other body areas and
identifying these injuries from a TL or NTL perspective changes the frequency.
Non-time-loss injuries accounted for a large majority of injuries in the NATION
program.23 Non-time-loss injuries may require the same or potentially even greater effort
from the health care provider as these injuries required more treatments over a year than
did TL injuries.24,26

With each of these studies, the addition of NTL injury data to

previous reports allows for a more thorough view of the injury burden of high school
athletes including heath care needs and the responsibilities of the health care provider.
The inclusion of diagnoses with associated body areas and mechanisms of injury allow
for the development of specific interventions and prevention programs.
2.6

Upper Extremity Return to Play
When an athlete sustains an injury, a primary question to be answered is how long

until he or she can return to play. Athletic trainers and other health care professionals are
often asked this question almost immediately once the injury has been diagnosed. Return
to play (RTP) decision making involves a combination of subjective and objective factors
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to determine when it is safe to return post injury.69 In order to help clarify the processes
that clinicians use, a validated decision-based model suggests a three-step process to
provide structure and transparency within a complex environment.69,70

This model

includes the evaluation of the athlete’s health status, participation risk, and decision
modifiers. The subjective components of RTP decision making leads to a significant
amount of variability among clinicians and a subsequent need for more objective
methods.70,71
There has been substantial growth in research and publications surrounding RTP
decision making including a consensus statement on return to sport from the First World
Congress in Sports Physical Therapy.34,69,70,72,73 The purpose of the consensus statement
was to provide a synthesis of current evidence and recommendations for return to sport,
clinical practice and directions for future research in this area.

In the consensus

statement, current evidence regarding commonly injured body regions reported a lack of
information on returning to sport after shoulder injury with no studies cited in the section
on return to sport rates or time to return to sport. Also, the shoulder was the only upper
extremity body area included in this consensus statement. The paucity of literature
providing objective measures for RTP not only for the shoulder, but all body areas in the
upper extremity, should be considered a priority in sports medicine RTP research.72
Injuries that result in time-loss from sport participation, and subsequently are
affected by RTP decision making, are a key part of injury surveillance programs like the
HS RIO and much of the NCAA-ISP. In both programs, the amount of time-loss due to
injury is defined as the number of days between the original injury and return to play at a
level that would allow participation in a competition. Athletic trainers documented the
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number of days lost by selecting from a category of timeframes and would also select if
the injury was season-ending due to athlete withdrawal or a medical disqualification.4
Categories typically include time-loss of 1-6 days, 7-21 days, or >21 days. Time-loss
data are presented as summary statistics such as rates or proportions. This type of data
must be interpreted with caution as these measures may exclude some athletes if
appropriate follow-up data were not obtained, potentially leading to an over or
underestimation of the actual amount of time lost. Capturing data in a wide range of days
is less clinically applicable to athletic trainers, especially the category of 7-21 days. In the
midst of a competitive season, the span of 7-21 days could mean a loss of up to three
games during a football season or more than six games during a basketball season.
Narrowing the time-loss window and collecting data in a way that would allow for
predictions on return would be more effective and meaningful for all involved.
Collecting the number of days lost as a continuous time variable, instead of a range of
days, would allow for different statistical techniques, such as time to event analyses, to be
utilized.

These analyses will assist in the development of time to return to sport

prognoses, however, athletic trainers would need to modify how time-loss from an injury
is documented.
2.6.1

Return to Play Reporting in Surveillance Data

Various studies utilizing surveillance data from HS RIO have investigated timeloss injuries with descriptive analyses for shoulder, elbow, and wrist/hand injuries
including dislocations, fractures and other musculoskeletal diagnoses.38,59,60,66 The recent
series of reports summarizing the first decade of web-based sports injury surveillance
provides the total number of injuries in the sample subdivided into three categories
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including 1-6 days, 7-21 days and >21 days. The amount of time-loss is not described by
body region or diagnosis, only a total count by time-loss category. While the focus of
this series was not to provide prognostic estimates of RTP, what is provided is not
clinically meaningful as associated body regions are not described alongside the time-loss
categories. ATs and other health care providers are not able to use this information to aid
in a discussion about injury prognosis due to how the data are presented. All current
publications indicate that for all injuries in the sample, not just those affecting the upper
extremity, the largest proportion return in less than one week.4,8-17,35-37 There is concern
that returning to play too soon may have negative impacts on the physiological and
psychological health of the athlete. Physiologically, tissue that is only partially healed
may be at an increased risk for re-injury.74,75 Psychological readiness to return has been
well documented in the literature as an important component of return to play decision
making.76,77
Other studies have been more specific in the body area and diagnosis associated
with the time-loss injury yet still only providing proportions and other summary statistics
for the categories previously mentioned.

A recent publication describing clavicle

fractures reported only 34.5% of the athletes were able to return during the same season,
with the majority missing at least 21 days of participation.61 This study provides the
body region, diagnosis, and time-loss associated with the injury which has clinical
implications for the AT and patient and can be used to inform a prognosis. Yet, in a
study examining all types of shoulder injuries, it was reported that 40.7% of athletes were
able to return within one week.58 What is difficult to discern in this study are the
diagnoses that allow for a return within one week versus injuries that cause a longer time
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to return. The authors do not provide a specific diagnosis with time-loss. Another article
investigating injuries in high school softball players found that 86.8% of shoulder injuries
and 93.0% of elbow injuries returned to play within 21 days59 whereas injuries in
baseball were dependent on player position with the majority of shoulder and elbow
injuries returning within 21 days as well.54
Hand and wrist injuries were shown to have less time-loss with 45.7% returning
to play in less than seven days despite fractures (45.0%) being the most common
diagnosis.22 An earlier study described dislocation/separation injuries in all body areas
and noted that 64.6% of wrist and hand injuries recovered in less than one week while the
majority of elbow injuries were out for more than three weeks.60,66 Recent studies using
data from NATION-SP do not describe specific time-loss other than grouping injuries
into time-loss versus non-time-loss. There is no mention of time-loss categories or
summary statistics on the time-loss injuries discussed in the publications.67,68

As

indicated throughout the several studies described here, many do not provide a clear
picture of how much time-loss is associated with a specific body area and/or diagnosis.
2.6.2 Time to Event Analysis Methods
The HS RIO program collects time-loss data through the reporting of categories
as previously described. The NCAA-ISP collects time-loss data in two ways. Along
with the selection of the designated time-loss category (e.g. 1-6 days, 7-13 days), a timeloss variable based on the date of return to participation minus the date of injury, results
in a continuous count of days missed.4,5 By doing this, validity of the athletic trainers’
responses was improved while also identifying the time-loss category if one was not
selected. When the NATION-SP began, time-loss data was also dually collected in the
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manner described for the NCAA-ISP.

Collection of a variable for days lost from

participation allows for different statistical techniques to be used to describe time-loss
besides rates, overall proportions and other summary statistics. Time to event analysis
methods are a relatively new way of evaluating time to return to play but have been used
in the health sciences for decades to evaluate mortality in cancer research and lifetime of
joint replacements in orthopedics.78-82 This method provides a more accurate estimate for
when an athlete is likely to return to play without concern of the lack of follow up for
some athletes that may not return within a given time period. This is due to the ability to
censor cases, or athletes, that do not return within the specified study time.
Censoring is a phenomenon that occurs when the time to an event is not fully
known for an individual.83,84

Three different types of censoring may occur: right

censoring, left censoring, and interval censoring.83-85 Right censoring occurs when what
is known about an observation is that the time to event is greater than some value. This is
the most common form and occurs when a study ends before the event of interest occurs;
before an athlete returns to play. A left censored observation occurs if it is only known
that the time to event is less than some value; an injury occurred before the observation
period began. Interval censoring occurs if it is only known that the time to event for the
observation is between two values. For example, an athlete has a split season occurring
in both fall and spring, and return to play occurs sometime between the last day of the fall
season and the first day of the spring season. There are seven specific conditions in
which censoring applies to athletes and return to play: 1) medical disqualification for the
season: 2) medical disqualification for his/her career; 3) he/she chose not to continue but
was not medically disqualified; 4) he/she was released from the team but not medically
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disqualified; 5) he/she did not return for unspecified reasons; 6) the season ended before
he/she could return to play; or 7) the date of return was not recorded by the clinician.86 In
the conditions listed here, what is known about RTP is that it happened sometime after
the date of injury. These cases would be right censored and could be accounted for by
utilizing time to event analysis methods. These analyses may improve RTP decisionmaking by adding evidence-based information while also informing prognosis
conversations with the athletes, parents and coaches. For example, previously mentioned
publications report time-loss in broad categories such as 7-21 days. Through time to
event analysis methods, a more specific timeframe may be calculated that might indicate,
for the same injury, the majority saw a return in ten days versus the range of 7-21 days
that was previously reported.

This analysis narrows the window tremendously and

provides a better estimate of return.
As described in the aforementioned consensus statement, the identification of
prognostic factors for return to sport is a research priority.72 The patient management
model utilized by clinicians also identifies prognosis as a key step in providing
appropriate healthcare to an injured person.87 The utilization of time to event analysis
techniques in identifying prognostic RTP estimates may provide an important piece of the
clinical picture thus improving patient care and relationships among stakeholders. These
methods have not been utilized much in RTP literature however they will provide a more
accurate way to estimate return time. For prognosis, it is better to know the likelihood of
when an athlete will experience the outcome of return to play as opposed to results
summarizing aggregate risks and rates.

30

2.6.3

Time to Event Analysis Methods in Current Return to Play Literature

Seven articles were identified as using time to event analysis methodology.33,82,8892

Four articles used elite or professional athletes as subjects while three articles focused

on youth sports. None of the seven articles investigated injuries to the upper extremity
nor utilized surveillance data. Of the articles pertaining to youth sports, two focused on
concussion while the third described new versus recurrent ankle injuries.33,88,92 Only two
of these articles provide RTP probabilities, both by the same author, while the third
provided the median number of days to medical clearance for RTP.33,88,92
The two articles reporting RTP probabilities and timelines in high school athletes
have been identified as utilizing time to event methodology not statistically accurate for
how the data were collected. In both reports, time lost from participation was measured
as an ordinal categorical variable. Time to return to play was defined as: same-day
return, 1-2 day (next day) return, 3-6 day return, 7-9 day return, 10-21 day return, >21
day return, and no return “[censored data].” Data collected in this manner are best
analyzed using the Life-Table Method which allows for the calculation of estimates for
return time that is categorized in intervals.86 Despite the discovery of these issues, these
two publications fill a gap by meeting the need of prognostic, evidence-based indicators
for when a high school athlete is likely to return to play post sports injury.
2.7

Conclusions
Understanding the burden of sports injury to all body areas of the upper extremity

is an important aspect of sports injury epidemiology, especially for clinicians. In the
majority of sports, lower extremity injuries are most frequent and tend to get more focus
in publications. Injuries to the upper extremity still occur and must be managed and in
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today’s digital world require attention due to the potential long term consequences on
occupation and communication.

It is necessary to describe and understand how the

entire upper extremity is affected by high school sports injury in order to provide
appropriate treatment and prevention strategies to each region. Injuries that result in timeloss are inevitable often leading to questions surrounding when a return to play might be
possible.

More specific guidance regarding return to play prognoses for the upper

extremity need to be developed to aid in evidence-based clinical decision making to
better prepare athletes, clinicians, and other stakeholders with this knowledge
surrounding specific injuries.
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CHAPTER 3. EPIDEMIOLOGY OF TIME-LOSS UPPER EXTREMITY INJURIES IN
HIGH SCHOOL SPORTS
3.1

Introduction
The National Federation of State High School Associations reported that 7.9

million students participated in high school sanctioned athletic activities during the 20172018 academic year.1 Personal wellness and socialization are widely thought to come
from participation in high school athletics; however, concerns regarding long-term health
implications are present.93 Previous reports have indicated that in children and young
adults, the most common sports related injuries affect the lower extremity.39,94 Despite
this, injuries to the upper extremity present various musculoskeletal complications and
long-term consequences.22,58,95

In high school and college aged soccer players that

sustained a fracture in the upper extremity, 15% had not returned to play at two years and
5% had persistent symptoms that impaired soccer ability.96 Injuries to the shoulder
include lifelong shoulder pain, instability and osteoarthritis. Elbow injuries in young
baseball athletes are common with ligament reconstructive surgery reportedly growing
343% in an 11-year period in New York State.55 Also, wrist and hand injuries result in
increased health care and productivity costs with the authors of one study ranking these
body areas the most expensive category of injuries.63 Injuries to the wrist and hand affect
students’ written and digital communication efforts through the inability to write or type,
in turn negatively affecting school work.
Previous epidemiologic studies of injuries to the upper extremity in high school
athletes have focused on the incidence in specific sports, diagnosis of particular types of
UE injuries, and characteristics of specific body region injuries in specific sports.54,55,59-61
Two previous studies provide an overall view of specific areas of the UE: shoulder 58 and

wrist/hand.22

However, limitations were noted with both studies.

Robinson et al.

described shoulder injuries limited to 9 sports, not providing a comprehensive
representation of the multitude of high school sports.58

Johnson et al. described

hand/wrist injuries, yet, the hand and wrist were combined and not investigated as
individual body regions.22

Hand and wrist injuries have varying features and

consequences and identifying their specific epidemiology is essential.97
To date, no study has comprehensively examined all upper extremity injuries for
multiple high school sports. Therefore, the purpose of this study was to describe upper
extremity time-loss injuries experienced by student-athletes in the high school setting in
order to provide a more detailed understanding of the patterns of upper extremity sportsrelated injuries. Specifically, the aims were to (1) describe the distributions of upper
extremity injury by body region injured, diagnosis, injury mechanism, and time-loss
outcome; and (2) compare injury rates between boys and girls, practice versus
competition, and preseason versus regular season.
3.2

Methods
A descriptive epidemiologic study design was used to examine time-loss injuries

in secondary school boys’ and girls’ sports. Data were obtained from the Datalys Center
for Sports Injury Research and Prevention, Inc. (Indianapolis, IN), which collected data
through the National Athletic Treatment, Injury and Outcomes Network (NATION). The
NATION project was approved by the Western Institutional Review Board (Puyallup,
WA), and the current study was reviewed and approved by the local institutional review
board before the review of any data.
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3.3

Data Collection
The detailed methods of the NATION injury surveillance program have been

previously published with a complete description of data collection methods.23 We used
NATION data collected during the 2011-2012 through 2013-2014 academic years. These
data were collected from a convenience sample that resulted in a total of 2,337 team
seasons across 27 sports. Over the 3-year period, 1,821 upper extremity injuries occurred
with 1,321 resulting in time-loss of at least one day. Sports included in this study include
baseball, basketball, cross country, football, field hockey, gymnastics, lacrosse, softball,
soccer, swimming, tennis, indoor and outdoor track, volleyball and wrestling.
Secondary schools with athletic trainers were sought to participate in the
NATION surveillance program. Athletic trainers who worked within the schools and
with the participating teams collected injury and exposure data into an electronic medical
record. Injury data included sport, event type (i.e. competition, practice), time in season
(i.e. preseason, regular season, post season), body region injured, diagnosis, mechanism
of injury and time-loss outcome. Athletic trainers were able to modify the record as
needed if injury and exposure characteristics required updating. Exposure data including
the number of student-athletes participating in each school-sanctioned practice and
competition were also recorded. The injury and exposure data were de-identified and
extracted by technology used by NATION. The data was then checked for errors by
trained, experienced NATION data quality-control staff. The quality-control staff would
notify the athletic trainer if there were missing or invalid entries in order to rectify the
failed or partial submission.

However, if the staff were unable to effectively
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communicate with the athletic trainers, errant injury data were coded as missing. Once all
review processes were completed, data were collected into a single, aggregated database.
3.4

Definitions
In order to be included in the NATION surveillance program, a reportable injury

was defined as any injury that occurred as a result of participation in a school-sanctioned
practice or competition and must have been evaluated by an athletic trainer, physician, or
other health care professional. Injuries were further defined as time-loss or non-time-loss.
A time-loss injury required the student-athlete to be restricted from participation for at
least 24 hours after the injury. Time-loss injuries included all fractures regardless of
actual time lost from participation. A non-time-loss injury was defined as any injury that
restricted participation for less than 24 hours post injury. An athlete-exposure (AE) was
defined as a single student-athlete participating in one school-sanctioned practice or
competition in which he or she was exposed to the risk of injury, regardless of the time
associated with that participation. Student-athletes had to have actual playing time in a
competition to be included in the competition exposures.
For this study, six body regions were described as shoulder/clavicle, arm (upper),
elbow, forearm, wrist, and hand/fingers.

These body regions will be discussed

individually as well as grouped into a large body area referred to as the upper extremity.
Diagnoses were listed as contusion (hematoma), dislocation, fracture, neuropathy, skin
wound (i.e. abrasion, laceration, skin avulsion), sprain (includes subluxation), strain, or
tendinopathy.

Some diagnoses were listed as “other” and “miscellaneous” in the

database. Two members of the research team independently examined those injuries
along with their included characteristics to determine if a more specific diagnosis
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category would fit.

In total, 109 injury diagnoses were classified as “other” and

“miscellaneous.” Of that total, 78 injury diagnoses were TL injuries.

Independent

review of the 109 diagnoses from two experienced and blinded athletic trainers (AW,
TU) the two examiners reclassified 81 of the injuries which resulted in 81/109 (74%)
agreement. A kappa statistic was performed and revealed substantial agreement between
the raters (Kappa = .614).98 After independent review and further discussion, a final
consensus was reached to classify the remaining 28 injuries to achieve full agreement.
Mechanisms of injury were categorized as player contact, surface contact, contact
with equipment, out-of-bounds contact, noncontact, overuse/gradual, or other (unknown
or infection). Time-loss outcomes were categorized as prevented participation for 1-6
days, prevented participated for 7-13 days, prevented participation for 14-29 days,
prevented participation for 30+ days, out for remainder of season, or unknown.
3.5

Statistical Analysis
Descriptive data for time-loss injuries, including frequencies, were reported for

sex, sport, body region, exposure type, diagnosis, mechanism of injury, and time-loss
outcome.

Exposures were calculated for practices, competitions and total events

(practices and competitions). Injury rates were calculated as the number of injuries per
1,000 AEs. Injury rate ratios (IRRs) were calculated with 95% confidence intervals
(CIs). All IRRs with 95% CIs that did not include 1.00 and P values < 0.05 were
considered statistically significant. All analyses were performed with SPSS (version 26;
IBM Corp, Armonk, NY). An example of an IRR comparing competition injuries with
practice injuries: = (No. of Injuries in Competition/No. of AEs in Competition) / (No. of
Injuries in Practice/No. AEs in Practice)
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3.6

Results
3.6.1

Upper Extremity Injury Overall Frequencies and Rates

During the 2011-2012 through 2013-2014 academic years, the NATION
surveillance program reported 1,321 upper extremity time-loss injuries during 5,146,386
AEs, for an overall injury rate of 0.26/1000 AEs (Table 3.1). Boys sustained the majority
of upper extremity injuries (n=1,079, 81.7%) for an injury rate of 0.33/1000 AEs, while
girls experienced (n=242, 18.3%) an injury rate of 0.13/1000 AEs. When comparing all
sports, boys had about 2.5 times higher injury rate than girls (IRR = 2.64; 95% CI = 2.30,
3.04). From the total number of injuries, the highest frequencies occurred in boys’ sports
with football (n=750, 56.8%), wrestling (n=116, 8.8%) and basketball (n=80, 6.1%)
accumulating the most (Table 3.2). Girls’ sports that generated the most injuries were
softball (n=55, 4.2%), volleyball (n=54, 4.1%) and basketball (n=48, 3.6%). For boys’
and girls’ sports combined, competition injury rates (IR=0.47) were twice as high as
practice injury rates (IR=0.20) (IRR=2.34; 95% CI = 2.09, 2.62) (Table 3.1). Injury rates
for preseason (IR=0.25) and regular season (IR=0.27) were nearly the same (IRR = 0.95;
95% CI = 0.85, 1.07).
Among boys and girls, the shoulder/clavicle (n=521, 39.4%) and hand/fingers
(n=427, 32.3%) made up more than two-thirds of all upper extremity injuries (Table 3.3).
The most frequent injury diagnoses for the UE were sprains (n=489, 37.0%), fractures
(n=377, 28.5%), and contusions (n=154, 11.7%). In terms of injury mechanism, contact
injuries accounted for 61% of all injuries with the greatest proportion occurring by player
contact (n=538, 40.7%), followed by surface contact (n=270, 20.4%).

Time-loss

categories were provided with a range of days that the athlete was restricted from
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participation. Of all reported TL injuries to the entire UE, most injuries prevented
participation for only 1-6 days (n=530, 40.1%) (Table 3.3).
3.6.2

Characteristics of Injuries that are Common among All Body Areas in the Upper
Extremity
There are some commonalities across all body areas including type of sport and

event type that will be addressed first before discussing each individual body area. Boys’
injuries occurred primarily in contact/collision sports whereas girls’ injuries varied across
sport types (Table 3.3). A larger proportion of boys’ injuries occurred during scheduled
team practices (practice=676, 62.7%; competition=403, 37.3%); however, the rate of
injury during competitions (IR=0.62) was more than 2 times that of practices
(IR=0.26)(IRR=2.38; 95% CI= 2.10, 2.70) (Table 3.1). A greater proportion of girls’
injuries also occurred during scheduled team practices (practice=145, 59.9%;
competitions=97, 40.1%) in each of the body areas except the upper arm (n=3) (Table
3.3). The injury rate in girls’ competitions (IR=0.23) was twice as high as practices
(IR=0.1)(IRR=2.41; 95% CI=1.85, 3.14)(Table 3.1).
The following sections will describe injury characteristics of six body areas of the
upper extremity. A description of injury diagnoses, injury mechanisms, and time-loss
categories are presented by separate body areas in Tables 3.4-3.9. The following body
areas are presented from the highest frequency of injury to the lowest frequency.
3.6.3

Shoulder/Clavicle Injury

The shoulder/clavicle region sustained more injuries (n=521, 39.4%) than all
other areas of the upper extremity for an overall injury rate of 0.10/1000 AEs (95% CI =
0.09, 0.11; Table 3.1). Boys sustained a total of 449 (41.6%) shoulder injuries while girls
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sustained 72 (29.8%). Boys had a higher injury rate than girls (IRR=3.69; 95% CI=2.87,
4.80)(Table 3.1). Contact/Collision sports were responsible for 93.1% (n=418) of all
injuries to the shoulder/clavicle in boys with more than two-thirds of these injuries
occurring in football (n=316, 70.4%). Girls’ volleyball (limited contact) recorded the
highest proportion (n=21, 29.2%) of shoulder injuries. Regardless of exposure, the most
frequent diagnoses for both boys and girls were sprains (boys=219, 48.8%; girls=31,
43.1%) followed by strains (boys=70, 15.6%; girls 18, 25%). Contact with another
player (n=209, 46.5%) or contact with the playing surface (n=107, 23.8%) were the
mechanisms of injury for a large proportion of shoulder injuries in boys’ sports.
Conversely, in girls’ sports, various mechanisms contributed to injury including player
contact (n=13, 18.1%), surface contact (n=12, 16.7%), overuse/gradual (n=12, 16.7%)
and other (n=14, 19.4%). The majority of shoulder/clavicle injuries in boys and girls
restricted participation for 1-6 days (boys=165, 36.7%; girls=26, 36.1%). However, in
boys, one-fourth of all shoulder injuries were severe enough to limit participation for
greater than 30 days (n=50, 11.1%) and the remainder of the season (n=66, 14.7%). Girls
saw a similar proportion of shoulder injuries that were severe enough to limit
participation beyond 30 days and the remainder of the season as well (Table 3.4).
3.6.4

Hand/Fingers Injury

The hand/fingers region sustained 472 (32.3%) injuries for an overall injury rate
of 0.08/1000 AEs (95% CI = 0.075, 0.09)(Table 3.1). Regardless of exposure, girls
experienced a greater proportion of hand injuries than boys (boys=328, 30.4%; girls=99,
40.9%). Boys had a higher injury rate than girls (IRR=1.96; 95% CI=1.56, 2.48) (Table
3.1).

Contact/Collision sports accounted for almost all hand/finger injuries in boys
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(n=314, 95.7%) with 74.7% (n=245) occurring in football. In girls, contact/collision
sports also reported the highest proportion (n=59, 59.6%) with 26.3% (n=26) resulting
from basketball.

The most frequent diagnoses were fractures (boys=163, 49.7%;

girls=42, 42.4%), sprains (boys=80, 24.4%; girls=34, 34.3%) and contusions (boys=40,
12.2%; girls=11, 11.1%). Player contact yielded the highest frequency of injury in boys
(n=160, 48.8%). Interestingly, in girls, contact with equipment resulted in the highest
frequency of injury (n=56, 56.6%). Despite fractures being the most frequent diagnosis,
the largest proportion of time-loss fell in the 1-6 days range (boys=168, 51.1%; girls=45,
45.4%).
3.6.5

Wrist Injury

The wrist sustained 123 injuries (9.3%) for an overall injury rate of 0.024/1000
AEs (95% CI = 0.02, 0.029) (Table 3.1). Boys exhibited a higher injury rate than girls
(IRR=2.21; 95% CI=1.42, 3.55) (Table 3.1). Contact/Collision sports recorded nearly all
wrist injuries in boys (n=92, 94.8%) with 64.9% (n=63) occurring in football. Wrist
injuries in girls (n=14, 53.8) came primarily from limited contact sports with softball
(n=7, 26.9) and volleyball (n=7, 26.9) reporting the highest proportions. In boys and
girls, frequent diagnoses included sprains (boys=57, 58.8%; girls=15, 57.7%) and
fractures (boys=30, 30.9%; girls=3, 11.5%).

Player contact (boys=36, 37.1%) and

surface contact (boys=36, 37.1%; girls=10, 38.5%) resulted in the highest frequencies of
injuries.

The largest proportion of injuries reported a time-loss of only 1-6 days

(boys=37, 38.2%; girls=10, 38.5%). However, both boys and girls reported roughly 10%
of all wrist injuries caused the student athlete to miss the remainder of the season
(boys=10, 10.3%; girls=3, 11.5%). That total combined with those that missed 30 or
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more days (boys=50, 11.1%; girls=9, 12.5%) suggests that over 20% of all wrist injuries,
separately for boys and girls, were severe.
3.6.6

Elbow Injury

The elbow reported 8.8% (n=116) of all injuries to the upper extremity for an
overall injury rate of 0.02/1000 AEs (95% CI = 0.019, 0.027) (Table 3.1).

Boys

experienced a higher rate of elbow injuries than girls (IRR=2.39; 95% CI=1.50,3.96).
Boys saw the greatest proportion (n=81, 81.7%) of elbow injuries during football (n=49,
52.7%) and wrestling (n=22, 23.7%) (Table 3.7). Girls reported more injuries in limited
contact sports (n=14, 60.9%) with volleyball (n=6, 26.1%) and softball (n=6, 26.1%)
reporting the same frequency, however girls’ gymnastics (contact/collision) reported 5
(21.7%) elbow injuries. The most frequent diagnoses were sprains (boys=43, 46.2%;
girls=10, 43.5%) and contusions (boys=23, 24.7%; girls=5, 21.7%).
experienced 10 (10.8%) elbow dislocations.

Boys also

The largest proportions of injury

mechanisms for boys were contact-related; however, noncontact injuries occurred most
frequently in girls (Table 3.7). Elbow injuries restricted participation primarily for 1-6
days (boys=41, 44.4%; girls=8, 34.8%). Girls saw an almost equal proportion of injuries
restricted for 7-13 days (girls=7, 30.4%). The data identified that 18.3% (n=17) of elbow
injuries for boys were season ending.
3.6.7

Forearm Injury

The forearm region sustained slightly fewer injuries than the elbow reporting a
total of 109 (8.3%) for an overall injury rate of 0.02/1000 AEs (95% CI = 0.017, 0.026)
(Table 3.1). The rate of forearm injuries was higher in boys than girls (IRR=2.80, 95%
CI= 1.70, 4.89) (Table 3.1). The highest proportion of injuries came from football (n=61,
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67.8%) and girls’ soccer (n=8, 42.1%)(Table 3.8). The most frequent diagnoses for both
were fractures (boys=64, 71.1%; girls=12, 63.2%). Player contact was responsible for
the largest proportion of boys’ injuries (n=39, 43.3%).

Surface contact was most

common injury mechanism in girls (n=6, 31.6%) with a similar proportion in boys (n=30,
33.3%). Although forearm injuries were less frequent than the other areas it had a high
time-loss for both sexes. Forearm injuries resulting in time-loss of 30+ days were the
most frequent in boys (n=27, 30%). Girls reported similar proportions for 30+ days (n=5,
26.3%) and 14-29 days (n=5, 26.3%).
3.6.8

Upper Arm Injury

The upper arm region sustained the fewest injuries (n=25, 1.9%; IR=0.005/1000
AEs [95% CI = 0.003, 0.007]) (Table 3.1). The injury rate for boys was higher than girls
(IRR=4.34; 95% CI= 1.30,22.64) (Table 3.1). Over 80% of arm injuries in boys occurred
during contact/collision sports yet in girls, only 1 arm injury was reported in this type
(Table 3.9). Common diagnoses in boys were strains (n=9, 40.9%), fractures (n=6,
27.3%), and contusions (n=5, 22.7%). Girls reported only musculotendinous injuries.
The majority of boys’ injuries returned in 1-6 days (n=11, 50%) whereas participation
restriction for girls’ varied between 1-29 day (n=3).
3.7

Discussion
This is the first comprehensive analysis of all upper extremity time-loss injuries

sustained by US high school athletes examining the injury rates and patterns by sex and
across multiple sports. The upper extremity is used regularly in activities of daily living
with an increased importance of the wrist, hand and finger areas due in part to the
evolving use of mobile and computer technology in today’s society.22,97 Understanding
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the epidemiology of upper extremity injuries is vital in prevention efforts and sports
safety initiatives. Many previous epidemiologic studies on sports injuries are isolated to
one body area, injury type, or sport, yet this study expands beyond to consider nearly all
sports.
Over the three year period studied, the overall rate of UE injuries was about 2.5
times higher for boys compared to girls which is logical accounting for the high
participation of boys in the two contact sports of football (IR=0.68, n=750) and wrestling
(IR=0.49, n=116).

These sports have the highest injury rates and most frequent

occurrences among all sports.

This observation regarding football and wrestling is

consistent with previous studies reporting on injuries to the shoulder, elbow and
hand/wrist.22,49,51,58,60,97,99,100 Despite the predominance of injuries in contact/collision
sports like boys’ football and wrestling, girls’ gymnastics had nearly the same upper
extremity injury rate (IR=0.43) as wrestling. Gymnastics is typically not included in high
school injury surveillance program reports, yet, the rate of upper extremity injury was the
highest in all girls’ sports. Softball, considered a limited contact sport, recorded the
second highest injury rate (IR=0.39, 95% CI=0.30, 0.51) in all girls’ sports and was
higher than the comparable sport of boys’ baseball (IR=0.23, 95% CI=0.17,
0.30)(IRR=1.71; 95% CI=1.14, 2.57). This is consistent with previous reports indicating
that the injury rate (of all body regions) is higher for softball versus baseball athletes.59
The majority of noncontact sports in both boys and girls saw a significantly lower injury
rate for the upper extremity indicating a much lower risk for injury occurrence. These
epidemiology data should be used to inform the AT’s clinical practice in several
important ways.

For example, this information identifies in which sports injury
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prevention is most needed. Insight is also gained regarding mechanism of injury with the
greatest proportion of injuries coming from various types of contact. Educating athletes
and coaches should be a focus with a better understanding of the trends of these sports
regarding upper extremity injuries and according to such factors as body regions,
diagnoses, and types of contact.
Boys and girls sustained the majority of their injuries during scheduled team
practices yet the injury rate during competitions was higher than that of practices in both.
This is consistent with several of the recent reports from the High School RIO series
describing sports injury in student-athletes.8,9,12-15,37 For all sports in this study, AEs
during practices were 3.8 times those of competitions.

Consequently, although the

overall rates of injuries were higher during competitions, nearly 80% of injuries occurred
during practices. Injuries occurring during practice may potentially place a much larger
burden on the athletic trainer. Subsequently, providing appropriate medical coverage
during practices is imperative and should not be reserved solely for competitions as is the
case for some high school sport coverages. It is unknown what the injury picture looks
like at schools without appropriate medical coverage. Data included in this study were
from high schools with part-time and full-time AT support, which may result in
differences among high school data.
When examining the season in which these injuries occurred, twice as many
injuries occurred during the regular season than the preseason yet the injury rates were
approximately the same. Recent reports from HS RIO do not describe injury rates during
time in season as the athlete-exposures were not stratified by this variable. In a study by
Allen et al. using the NATION surveillance program, researchers focused on injuries to
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all body areas in boys and girls basketball. They reported that injury frequency and rate
for time-loss injuries were greater during the regular season than preseason. Snyder
Valier et al also found in an evaluation of all injuries in girls’ softball that more time-loss
injuries occurred during the regular season along with a higher injury rate when
compared to preseason.

Our findings are consistent with these two studies despite

differences in the body areas and selected sports included.
The most common types of injuries reported in this study were sprains, fractures,
and contusions. These injuries frequently occurred as a result of player contact, surface
contact, or contact with equipment.

Boys’ shoulder/clavicle injuries were primarily

sprains and contusions and contact mechanisms were the cause of over 70% of all
shoulder injuries with the majority occurring in football. A similar study reported that
sprains/strains and contusions accounted for almost half of all shoulder injuries resulting
from contact.58

Research in the past decade has addressed ways to make the

collision/contact sport of football safer and to reduce the number of injuries that
occur.37,101,102 Programs designed to teach proper blocking and tackling techniques have
shown how to reduce impacts to the head and lower injury rates during practices.
However, the majority of shoulder injuries are due to tackling or blocking, indicating that
proper coaching techniques is not only important for protecting the head but also to
protect the shoulder.57
The shoulder sustained a substantial number of injuries from contact yet
approximately 80% of injuries in both the hand/fingers and the wrist stemmed from
contact mechanisms. The hand/fingers had the second highest injury frequency and rate
of all the upper extremity body areas followed by the wrist. Most hand/fingers and wrist
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injuries in both boys’ and girls’ sports were sprains, fractures, and contusions caused
from contact in some manner. These results are similar to those reported by other
researchers.22,48,95 Johnson reported the most common hand/wrist injury categories were
fractures, contusions and sprains as fractures were reported for more than 40% of all
hand/wrist injuries in several sports including football, softball, wrestling, field hockey,
girls’ soccer, boys’ and girls’ basketball, and baseball.22
One significant difference in study design between what Johnson reports and our
findings is that our study separates the hand/fingers from the wrist while Johnson et al
combines the two body regions. Johnson identified that hand/wrist injuries were most
frequent in football, wrestling, softball, and both girls’ and boys’ basketball. Our results
indicate a similar pattern until frequencies are separated into the hand/fingers versus the
wrist.

When doing so, it was determined that hand/fingers had a 2-6 times larger

proportion of injuries than the wrist and the most frequent diagnosis are fractures. While
the wrist is susceptible to fractures, nearly 60% of wrist injuries were diagnosed as
sprains. The largest proportions of hand/finger injuries were caused by player contact in
boys’ sports and contact with equipment in girls’ sports. Identifying the specific areas of
the body and the type of contact mechanism, whether from contact from a player, the
surface or equipment, clearly illuminates that these different injuries and body regions
may need different protective equipment or training interventions.

While it is not

possible to completely remove contact from sports, further investigation is warranted into
what preventive measures could be implemented to reduce contact with players and
equipment for both sexes. Consideration for specific training or rule changes to minimize
contact with equipment should be investigated. Specifically for wrist injuries, training in
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safe landing strategies may be effective in reducing the risk of injury from falling as the
majority of wrist injuries were due to contact with the playing surface.103 Teaching
young healthy athletes how to fall where one lands on a larger body surface area,
squatting, or flexing the elbows instead of keeping them extended, may reduce fractures
and sprains that create time-loss from sport for multiple weeks or the entire season.103
Previous studies have reported that of all body areas in the upper extremity, the
shoulder is the most injured.37,58 When combining injuries in boys and girls, our data
suggests the same. However, it is important to consider that if all injuries in the distal
upper extremity were combined, from the elbow through hand/fingers, the injury
frequency would be 40% higher than the shoulder in boys and 130% higher in girls
(Table 3.3). This would suggest that there are more time-loss injuries in the distal upper
extremity than the shoulder which speaks to the importance of these body areas in not
only sports but also activities of daily living. A 2017 report from the Bureau of Labor
Statistics from the Injuries, Illness, and Fatalities program demonstrated that in all
industries, the hand was injured twice as often as the shoulder, further supporting the
increased incidence of injury to this area. With the hand and fingers suffering a large
proportion of injury in both sport and work, it is imperative that health care providers,
including athletic trainers, be knowledgeable in preventative measures as well as
evaluation and treatment.
This study is not without limitations. The NATION surveillance program uses a
convenience sample and represents only a small number of all high school athletic
programs. The ability to generalize findings from our sample to other high school
athletic programs may not be possible. Only schools with an athletic trainer using an
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electronic medical record were included in the convenience sample which is not
representative of all high schools in the country. This type of surveillance program is
based on documentation from ATs. Although there is training and support for ATs,
documentation may vary including how injuries are diagnosed. Some injuries were
categorized as “other” for the diagnosis. The mechanism of injury, time-loss, and other
factors associated with those injuries were assessed to determine if a more specific
diagnosis could be applied. The potential for error in the renaming of the diagnosis is
present so caution should be made while interpreting these results. A clearer diagnosis
by that of the clinician along with quality control staff from the surveillance program
would assist in proper reporting of these injuries. An additional limitation is that only
injuries with at least 1 day of time lost were reported in this study. This does not
represent all upper extremity injuries that HS athletes sustain because some injuries may
be considered non-time-loss.
3.8

Conclusion
Injuries are a common occurrence from participation in high school sports.

Although injuries to the upper extremity are less frequent than those to the lower
extremity, understanding the epidemiology is equally important. Boys had a much higher
overall rate of UE injuries, which is likely due to the inclusion of contact/collision sports
like football and wrestling. These data may provide insight for future injury prevention
programs and offer recommendations of where to focus improvements to reduce contact
with players, equipment, and the surface that result in injury to the upper extremity. The
inclusion of landing strategies to protect the upper extremity during falls along with
protective padding for hands and fingers should be a focus for health care providers to
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incorporate in the care of high school athletes. In addition, as the largest proportions of
injuries were to the shoulder (sprains, including subluxations) and hand/fingers (primarily
fractures), health care providers should be prepared to properly evaluate and manage the
care of patients with these types of injuries.

50

Table 3.1 Injury rates by body area for boys’ and girls’ sports
Body Area
Overall
Overall Injury Boys' Injuries
injuries No. Rate/1000 AEs
No. (%)
(%)
(95% CI)
UE

1321 (100)

Shoulder

521 (39.4)
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Arm (Upper)

25 (1.9)

Elbow

116 (8.8)

Forearm

109 (8.3)

Wrist

123 (9.3)

Hand/Fingers

427 (32.3)

0.26
(0.24, 0.27)
0.10
(0.09, 0.11)
0.005
(0.003, 0.007)

1079 (100)

0.02
(0.019, 0.027)
0.02
(0.017, 0.026)
0.024
(0.02, 0.029)
0.08
(0.075, 0.09)

93 (8.6)

449 (41.6)
22 (2.0)

90 (8.3)
97 (9.0)
328 (30.4)

Boys' Injury
Rate/1000
AEs (95%
CI)
0.33
(0.31, 0.35)
0.14
(0.13, 0.15)
0.007
(0.004, 0.01)

Girls' Injuries
No. (%)

0.03
(0.02, 0.04)
0.03
(0.02, 0.03)
0.03
(0.02, 0.04)
0.10
(0.09, 0.11)

23 (9.5)

242 (100)
72 (29.8)
3 (1.2)

19 (7.9)
26 (10.7)
99 (40.9)

Girls' Injury
Rate/1000
AEs (95%
CI)
0.13
(0.11, 0.14)
0.04
(0.03, 0.05)
0.002
(0.0005,
0.005)
0.01
(0.008, 0.02)
0.01
(0.006, 0.02)
0.01
(0.009, 0.02)
0.05
(0.04, 0.06)

Injury
Rate Ratio
(95% CI)
2.64
(2.30, 3.04)
3.69
(2.87,4.80)
4.34
(1.30,
22.64)
2.39
(1.50, 3.96)
2.80
(1.70, 4.89)
2.21
(1.42, 3.55)
1.96
(1.56, 2.48)

0.10
(0.08, 0.11)
0.23
(0.19, 0.28)

2.67
(2.52, 3.25)
2.67
(2.13, 3.36)

(0.07,
0.12)

3.59
(2.73, 4.79)

Event Type
Practice

821 (62.1)

Competitions

500 (37.9)

Season*
Preseason

424 (32.1)

0.2
(0.19, 0.22)
0.47
(0.43, 0.51)

676 (62.7)

0.25
(0.23, 0.28)

363 (33.6)

403 (37.3)

0.26
(0.24, 0.28)
0.62
(0.56, 0.69)
0.35
(0.31, 0.38)

145 (59.9)
97 (40.1)

61 (25.2)

0.10

Regular season

852 (64.5)

0.27 (0.25,
0.28)

*Post season and out-of-season not included.

Table 3.1 (Continued)
678 (62.8)
0.34
(0.31, 0.36)

174 (71.9)

0.15

(0.13,
0.17)

2.28
(1.93, 2.71)
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Table 3.2 Upper Extremity Injury Frequencies and Rates by Sport

All Sports
All Boys’ Sports
Contact/Collison
Basketball
Football
Lacrosse
Soccer
Wrestling
Limited Contact
Baseball
Noncontact
Crew
Cross Country
Golf
Swimming
Tennis
Indoor Track
Outdoor Track
All Girls’ Sports
Contact/Collision
Basketball
Field Hockey
Gymnastics
Lacrosse
Soccer
Limited Contact
Softball
Volleyball
Noncontact
Crew
Cross Country
Golf
Swimming
Tennis
Indoor Track
Outdoor Track

No. of
Injuries, (%)
1321 (100)
1079

No. of
Exposures
5,146,386
3,233,736

Injury Rate
(per 1,000
Athlete
Exposures)
0.26
0.33

80 (6.1)
750 (56.8)
36 (2.7)
26 (2.0)
116 (8.8)

364,556
1,107,408
166,889
208,638
237,758

0.22
0.68
0.22
0.13
0.49

48 (3.6)

208,857

0.23

0 (0.0)
3 (0.2)
0 (0.0)
4 (0.3)
1 (0.1)
2 (0.2)
13 (1.0)

24,672
258,529
28,068
81,523
45,987
221,814
279,037

0
0.01
0
0.05
0.02
0.009
0.05

242

1,912,650

0.13

48 (3.6)
22 (1.7)
13 (1.0)
7 (0.5)
28 (2.1)

288,633
149,141
30,148
101,128
173,575

0.17
0.15
0.43
0.07
0.16

55 (4.2)
54 (4.1)

140,119
296,516

0.39
0.18

0 (0.0)
1 (0.1)
0 (0.0)
7 (0.5)
2 (0.2)
2 (0.2)
3 (0.2)

22,097
197,640
6,344
69,115
43,638
174,624
219,932

0
0.005
0
0.1
0.05
0.01
0.01
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Table 3.3 Upper Extremity Injury by Body Area, Type of Sport, Event Type, Season,
Diagnosis, Mechanism, and Time-Loss
Total,
Boys,
Girls,
n (%)
n (%)
n (%)
1321 (100)
1079 (100)
242 (100)
All Sports
Body Area
Shoulder/Clavicle
521 (39.4)
449 (41.6)
72 (29.8)
Arm (Upper)
25 (1.9)
22 (2.0)
3 (1.2)
Elbow
116 (8.8)
93 (8.6)
23 (9.5)
Forearm
109 (8.3)
90 (8.3)
19 (7.9)
Wrist
123 (9.3)
97 (9.0)
26 (10.7)
Hand/Fingers
427 (32.3)
328 (30.4)
99 (40.9)
Type of Sport
Contact/Collison
1126 (85.2)
1008 (93.4)
118 (48.8)
Limited Contact
161 (12.2)
50 (4.6)
111 (45.9)
Noncontact
34 (2.6)
21 (1.9)
13 (5.4)
Event Type
Practice
821 (62.1)
676 (62.7)
145 (59.9)
Competitions
500 (37.9)
403 (37.3)
97 (40.1)
Time In Season
Preseason
424 (32.1)
363 (33.6)
61 (25.2)
Regular Season
852 (64.5)
678 (62.8)
174 (71.9)
Post Season
41 (3.1)
34 (3.2)
7 (2.9)
Out of Season
4 (0.3)
4 (0.4)
0 (0.0)
Diagnosis
Contusion
154 (11.7)
131 (12.1)
23 (9.5)
Dislocation
77 (5.8)
70 (6.5)
7 (2.9)
Fracture
377 (28.5)
315 (29.2)
62 (25.6)
Neuropathy
9 (0.7)
6 (0.6)
3 (1.2)
Skin Wound
26 (2.0)
20 (1.9)
6 (2.5)
Spraina
489 (37.0)
399 (37.0)
90 (37.2)
Strain
144 (10.9)
109 (10.1)
35 (14.5)
Tendinopathy
45 (3.4)
29 (2.7)
16 (6.6)
Mechanism
Player contact
538 (40.7)
499 (46.2)
39 (16.1)
Surface contact
270 (20.4)
224 (20.8)
46 (19.0)
Contact with
equipment
170 (12.9)
101 (9.4)
69 (28.5)
No contact
176 (13.3)
135 (12.5)
41 (16.9)
Overuse/gradual
39 (3.0)
21 (1.9)
18 (7.4)
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Table 3.3 (Continued)
Time-Loss
1-6 days*
7-13 days
14-29 days
30+ days
Remainder of season
Unknown
a=Includes subluxation
*=includes fractures that did not result in TL

530 (40.1)
240 (18.2)
228 (17.3)
160 (12.1)
158 (12.0)
5 (0.4)
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436 (40.5)
190 (17.6)
178 (16.5)
133 (12.3)
138 (12.8)
4 (0.4)

94 (38.8)
50 (20.7)
50 (20.7)
27 (11.2)
20 (8.3)
1 (0.4)

Table 3.4 Shoulder Injury Type of Sport, Event Type, Season, Diagnosis, Mechanism,
and Time-Loss (n= 521)
Boys, n (%)
Girls, n (%)
449 (100)
72 (100)
All Sports
Total
Type of Sport
Contact/Collison
418 (93.1)
25 (34.7)
Limited Contact
19 (4.2)
37 (51.4)
Noncontact
12 (2.7)
10 (13.9)
Event Type
Practice
265 (59.0)
50 (69.4)
Competitions
184 (41.0)
22 (30.6)
Diagnosis
Contusion
42 (9.4)
3 (4.2)
Dislocation
46 (10.2)
5 (6.9)
Fracture
47 (10.5)
5 (6.9)
Neuropathy
3 (0.7)
0 (0.0)
a
Sprain
219 (48.8)
31 (43.1)
Strain
70 (15.6)
18 (25.0)
Tendinopathy
22 (4.9)
10 (13.9)
Mechanism
Player contact
209 (46.5)
13 (18.1)
Surface contact
107 (23.8)
12 (16.7)
Contact with
8 (1.8)
3 (4.2)
equipment
No contact
73 (16.3)
18 (25.0)
Overuse/gradual
13 (2.9)
12 (16.7)
Other
39 (8.7)
14 (19.4)
Time-Loss
1-6 days
165 (36.7)
26 (36.1)
7-13 days
90 (20)
17 (23.6)
14-29 days
77 (17.1)
12 (16.7)
30+ days
50 (11.1)
9 (12.5)
Remainder of
66 (14.7)
7 (9.7)
season
Unknown
1 (0.2)
1 (1.4)
a=Includes subluxation
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Table 3.5 Hand/Finger Injury Type of Sport, Event Type, Season, Diagnosis, Mechanism,
and Time-Loss (n = 472)
Boys, n (%)
Girls, n (%)
328 (100)
99 (100)
All Sports
Total
Type of Sport
Contact/Collison
314 (95.7)
59 (59.6)
Limited Contact
9 (2.7)
38 (38.4)
Noncontact
5 (1.5)
2 (2.0)
Event Type
Practice
224 (68.3)
57 (57.6)
Competitions
104 (31.7)
42 (42.4)
Diagnosis
Contusion
40 (12.2)
11 (11.1)
Dislocation
13 (4.0)
1 (1.0)
Fracture
163 (49.7)
42 (42.4)
Skin Wound
15 (4.6)
6 (6.1)
a
Sprain
80 (24.4)
34 (34.3)
Strain
17 (5.2)
5 (5.1)
Mechanism
Player contact
160 (48.8)
15 (15.2)
Surface contact
27 (8.2)
14 (14.1)
Contact with
equipment
74 (22.6)
56 (56.6)
No contact
31 (9.5)
6 (6.1)
Other
30 (10.9)
8 (8.1)
Time-Loss
1-6 days
168 (51.1)
45 (45.4)
7-13 days
44 (13.4)
18 (18.2)
14-29 days
53 (16.2)
23 (23.2)
30+ days
33 (10.1)
8 (8.1)
Remainder of
season
29 (8.8)
5 (5.1)
Unknown
1 (0.3)
0 (0.0)
a=Includes subluxation
*=includes fractures that did not result in TL
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Table 3.6 Wrist Injury Type of Sport, Event Type, Season, Diagnosis, Mechanism, and
Time-Loss (n = 123)
Boys, n (%)
Girls, n (%)
97 (100)
26 (100)
All Sports
Total
Type of Sport
Contact/Collison
92 (94.8)
11 (42.3)
Limited Contact
3 (3.1)
14 (53.8)
Noncontact
2 (2.1)
1 (3.8)
Event Type
Practice
65 (67.0)
14 (53.8)
Competitions
32 (33.0)
12 (46.2)
Diagnosis
Contusion
6 (6.2)
2 (7.7)
Dislocation
1 (1.0)
0 (0.0)
Fracture
30 (30.9)
3 (11.5)
Neuropathy
2 (2.1)
1 (3.8)
a
Sprain
57 (58.8)
15 (57.7)
Strain
1 (1.0)
4 (15.4)
Tendinopathy
0 (0.0)
1 (3.8)
Mechanism
Player contact
36 (37.1)
3 (11.5)
Surface contact
36 (37.1)
10 (38.5)
Contact with
equipment
5 (5.2)
4 (15.4)
No contact
8 (8.2)
5 (19.2)
Overuse/gradual
1 (1.0)
1 (3.8)
Other
11 (11.4)
3 (11.5)
Time-Loss
1-6 days
37 (38.2)
10 (38.5)
7-13 days
22 (22.7)
6 (23.1)
14-29 days
16 (16.5)
4 (15.4)
30+ days
12 (12.4)
3 (11.5)
Remainder of
season
10 (10.3)
3 (11.5)
a=Includes subluxation
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Table 3.7 Elbow Injury Type of Sport, Event Type, Season, Diagnosis, Mechanism, and
Time-Loss (n = 116)
Boys, n (%)
Girls, n (%)
93 (100)
23 (100)
All Sports
Total
Type of Sport
Contact/Collison
81 (87.1)
9 (39.1)
Limited Contact
12 (12.9)
14 (60.9)
Noncontact
0 (0.0)
0 (0.0)
Event Type
Practice
53 (57.0)
13 (56.5)
Competitions
40 (43.0)
10 (43.5)
Diagnosis
Contusion
23 (24.7)
5 (21.7)
Dislocation
10 (10.8)
1 (4.3)
Fracture
5 (5.4)
0 (0.0)
Neuropathy
1 (1.1)
2 (8.7)
Skin Wound
3 (3.2)
0 (0.0)
Spraina
43 (46.2)
10 (43.5)
Strain
2 (2.2)
2 (8.7)
Tendinopathy
6 (6.5)
3 (13.0)
Mechanism
Player contact
44 (47.3)
4 (17.4)
Surface contact
19 (20.4)
3 (13.0)
Contact with
equipment
4 (4.3)
3 (13.0)
No contact
13 (14.0)
8 (34.8)
Overuse/gradual
5 (5.4)
2 (8.7)
Other
8 (8.6)
2 (8.7)
Time-Loss
1-6 days
41 (44.4)
8 (34.8)
7-13 days
17 (18.3)
7 (30.4)
14-29 days
9 (9.7)
5 (21.7)
30+ days
9 (9.7)
2 (8.7)
Remainder of
season
17 (18.3)
1 (4.3)
a=Includes subluxation
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Table 3.8 Forearm Injury Type of Sport, Event Type, Season, Diagnosis, Mechanism, and
Time-Loss (n = 109)
Boys, n (%)
Girls, n (%)
90 (100)
19 (100)
All Sports
Total
Type of Sport
Contact/Collison
85 (94.4)
13 (68.4)
Limited Contact
3 (3.3)
6 (31.6)
Noncontact
2 (2.2)
0 (0.0)
Event Type
Practice
57 (63.3)
10 (52.6)
Competitions
33 (36.7)
9 (47.4)
Diagnosis
Contusion
15 (16.7)
2 (10.5)
Fracture
64 (71.1)
12 (63.2)
Skin Wound
1 (1.1)
0 (0.0)
Strain
10 (11.1)
5 (26.3)
Mechanism
Player contact
39 (43.3)
4 (21.1)
Surface contact
30 (33.3)
6 (31.6)
Contact with
equipment
9 (10.0)
3 (15.8)
No contact
8 (8.9)
4 (21.1)
Overuse/gradual
0 (0.0)
1 (5.3)
Other
4 (4.4)
1 (5.3)
Time-Loss
1-6 days
14 (15.5)
4 (21.1)
7-13 days
12 (13.3)
1 (5.3)
14-29 days
22 (24.4)
5 (26.3)
30+ days
27 (30.0)
5 (26.3)
Remainder of
season
12 (14.4)
4 (21.1)
Unknown
2 (2.2)
0 (0.0)
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Table 3.9 Forearm Injury Type of Sport, Event Type, Season, Diagnosis, Mechanism, and
Time-Loss (n = 109)
Boys, n (%)
Girls, n (%)
22 (100)
3 (100)
All Sports
Total
Type of Sport
Contact/Collison
18 (81.8)
1 (33.3)
Limited Contact
4 (18.2)
2 (66.7)
Noncontact
0 (0.0)
0 (0.0)
Event Type
Practice
12 (54.5)
1 (33.3)
Competitions
10 (45.5)
2 (66.7)
Diagnosis
Contusion
5 (22.7)
0 (0.0)
Dislocation
0 (0.0)
0 (0.0)
Fracture
6 (27.3)
0 (0.0)
Neuropathy
0 (0.0)
0 (0.0)
Skin Wound
1 (4.5)
0 (0.0)
Spraina
0 (0.0)
0 (0.0)
Strain
9 (40.9)
1 (33.3)
Tendinopathy
1 (4.5)
2 (66.7)
Mechanism
Player contact
11 (50.0)
0 (0.0)
Surface contact
5 (22.7)
1 (33.3)
Contact with
equipment
1 (4.5)
0 (0.0)
No contact
2 (9.1)
0 (0.0)
Overuse/gradual
2 (9.1)
2 (66.7)
Other
1 (4.5)
0 (0.0)
Time-Loss
1-6 days
11 (50.0)
1 (33.3)
7-13 days
5 (22.7)
1 (33.3)
14-29 days
1 (4.5)
1 (33.3)
30+ days
2 (9.1)
0 (0.0)
Remainder of
season
3 (13.6)
0 (0.0)
Unknown
0 (0.0)
0 (0.0)
a=Includes subluxation
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CHAPTER 4. EPIDEMIOLOGY OF NON-TIME-LOSS UPPER EXTREMITY
INJURIES AND ASSOCIATED MECHANISMS IN HIGH SCHOOL SPORTS
4.1

Introduction
According to the National Federation of State High School Associations’ yearly

participation statistics, 7.9 million students participated in high school athletic activities
during the 2017-2018 academic year.1 Various injury surveillance systems have been in
use for decades to track and report the injury burden faced by the millions participating in
these activities and by those caring for the participants.2,7,23,52 One limitation often noted
regarding injury surveillance systems is the focus on time-loss (TL) injuries, which are
operationally defined as injuries that restrict the athlete’s participation for at least 24
hours beyond the day of injury.7,23
There are many reasons reported that explain why the focus has been on TL
injuries in sports injury epidemiology. Typically, there is increased medical concern over
the severity of an injury that causes missed participation time. Other reasons include
decreasing the burden of reporting data by the athletic trainers (ATs) participating in the
surveillance system along with reducing the work detail of ATs in daily clinical practice.
Because of this, data collection of non-time-loss (NTL) injuries is often excluded. Nontime-loss injuries still require an evaluation or treatment to be performed by an AT but
the injury doesn’t result in restriction from participation beyond that day. ATs are
required by the standards of professional practice to document all patient encounters
regardless of time-loss in order to maintain proper medical documentation records. With
the continued conversion of paper medical records to electronic health records in the
athletic health care facilities, the burden of medical documentation combined with data
reporting to injury surveillance systems is lessening. Researchers are able to access these
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electronic records to collect and extract injury information for all types of injuries
without increasing the workload of ATs.
Findings from previous epidemiology studies have shown that NTL injuries occur
at a much greater frequency than TL injuries.23-26

NTL injuries also require more

treatments provided by an AT than TL injuries.27 Understanding the occurrence of NTL
injuries provides a clearer picture of the injury burden on athletes and ATs. With the
reported frequencies of NTL injuries surpassing the 80% mark in various sports including
girls’ lacrosse, girls’ volleyball, girls’ field hockey, and boys’ baseball, describing the
burden and finding preventive measures aimed at NTL injuries are important.26
One necessary aspect of injury prevention is understanding the mechanism of
injury. Recent reports have not included the mechanism of injury or have not described it
specific to a diagnosis or body region.26,67,68 In these studies, body regions with some of
the highest frequencies of injury included the shoulder, hand and wrist. As no reports
have focused on NTL upper extremity injuries, the purpose of our study was two-fold.
This study aimed to describe upper extremity NTL injuries while detailing the associated
mechanisms of injury experienced by high school student-athletes through analysis of
data from the National Athletic Treatment, Injury and Outcomes Network (NATION)
surveillance system.
4.2

Methods
A descriptive epidemiologic study design was used to examine non-time-loss

injuries in secondary school boys’ and girls’ sports. Data were obtained from the Datalys
Center for Sports Injury Research and Prevention, Inc (Indianapolis, IN), which collected
data through NATION.23

The NATION project was approved by the Western
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Institutional Review Board (Puyallup, WA), and the current study was reviewed and
approved by the local institutional review board before the review of any data.
4.3

Data Collection
The detailed methods of the NATION injury surveillance program have been

previously published with a complete description of data collection methods.23 We used
NATION data collected during the 2011-2012 through 2013-2014 academic years. This
data was collected from a convenience sample that resulted in a total of 2,337 team
seasons across 27 sports. Over the 3-year period, 1,821 upper extremity injuries occurred
with 500 resulting in no time-loss beyond the day of injury that also included a
mechanism of injury. Sports included in this study include baseball, basketball, cross
country, football, field hockey, gymnastics, lacrosse, softball, soccer, swimming, tennis,
indoor and outdoor track, volleyball and wrestling.
Secondary schools with athletic trainers were sought to participate in the
NATION surveillance program. Athletic trainers who worked within the schools and
with the participating teams collected injury and exposure data into an electronic medical
record. Injury data included sport, event type (ie, competition, practice), time in season
(ie, preseason, regular season, post season), body region injured, diagnosis, mechanism of
injury and time-loss outcome. Athletic trainers were able to modify the record as needed
if injury and exposure characteristics required updating. Exposure data including the
number of student-athletes participating in each school-sanctioned practice and
competition were also recorded. The injury and exposure data were de-identified and
extracted by technology used by NATION. The data was then checked for errors by
trained, experienced NATION data quality-control staff. The quality-control staff would
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notify the athletic trainer if there were missing or invalid entries in order to rectify the
failed or partial submission.

However, if the staff were unable to effectively

communicate with the athletic trainers, errant injury data were coded as missing. Once all
review processes were completed, data were collected into a single, aggregated database.
4.4

Definitions
In order to be included in the NATION surveillance program, a reportable injury

was defined as any injury that occurred as a result of participation in a school-sanctioned
practice or competition and must have been evaluated by an athletic trainer, physician, or
other health care professional. Injuries were further defined as time-loss or non-time-loss.
A time-loss injury required the student-athlete to be restricted from participation for at
least 24 hours after the injury. Time-loss injuries included all fractures regardless of
actual time lost from participation. A non-time-loss injury was defined as any injury that
restricted participation for less than 24 hours post injury. An athlete-exposure (AE) was
defined as a single student-athlete participating in 1 school-sanctioned practice or
competition in which he or she was exposed to the risk of injury, regardless of the time
associated with that participation. Student-athletes had to have actual playing time in a
competition to be included in the competition exposures.
For this study, six body regions were described as shoulder/clavicle, arm (upper),
elbow, forearm, wrist, and hand/fingers.

These body regions will be discussed

individually as well as grouped into a large body area referred to as the upper extremity.
Diagnoses were listed as contusion (hematoma), dislocation, fracture, neuropathy, skin
wound (ie, abrasion, laceration, skin avulsion), sprain (includes subluxation), strain, or
tendinopathy.

Some diagnoses were listed as “other” and “miscellaneous” in the
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database. Two members of the research team independently examined those injuries
along with their included characteristics to determine if a more specific diagnosis
category would fit.

In total, 109 injury diagnoses were classified as “other” and

“miscellaneous.” Of that total, 31 injury diagnoses were NTL injuries. Independent
review of the 109 diagnoses from two experienced and blinded athletic trainers (AW,
TU), the two examiners reclassified 81 of the injuries which resulted in 81/109 (74%)
agreement. A kappa statistic was run and revealed substantial agreement between the
raters (Kappa = .614)
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.

After independent review and further discussion, a final

consensus was reached to classify the remaining 28 injuries to achieve full agreement.
The NATION database included 10,872 non-time-loss injuries to the upper
extremity. Of that total, 500 NTL injuries included a mechanism of injury and represents
a small percentage (4.6%) of all NTL injuries in the database. Previous studies using the
NATION database have included NTL injuries with and without the mechanism;
however, only those that included the mechanism of injury were described in this study.
Mechanisms of injury were categorized as player contact, surface contact, contact with
equipment, out-of-bounds contact, noncontact, overuse/gradual, or other (unknown or
infection).
4.5

Statistical Analysis
Descriptive data for non-time-loss injuries, including frequencies, were reported

for sex, sport, body region, exposure type, diagnosis, and mechanism of injury and
presented as counts and frequencies. Exposure data were not stratified by NTL injuries
with and without mechanisms and could not be used to calculate rates or rate ratios.
Because exposure data could not be used to calculate rates and rate ratios for comparisons
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with confidence intervals, caution must be taken when interpreting these results and
comparisons between boys and girls will not be made. All analyses were performed with
SPSS (version 26; IBM Corp, Armonk, NY).
4.6

Results
4.6.1

Injury Frequencies for NTL Injuries with Associated Mechanisms

During the 2011-2012 through 2013-2014 academic years, the NATION
surveillance program reported 500 upper extremity non-time-loss injuries with associated
mechanisms of injury (Table 4.1). Boys sustained 370 (74.0%) UE injuries and girls
sustained 130 (26.0%) UE injuries. The highest frequencies in boys’ sports occurred in
football (n=255), basketball (n=45), and baseball (n=35). In girls’ sports, the highest
frequencies occurred in volleyball (n=47), softball (n=39), and basketball (n=22) (Table
4.1). Scheduled team practices accounted for 318 (63.6%) UE injuries. Competitions
accounted for 182 (36.4%) UE injuries (Table 4.2). Injuries during the regular season
totaled 325 (65.0%). Preseason injuries totaled 156 (31.2%).
A description of body areas, injury diagnoses, injury mechanisms and exposure
type for the entire upper extremity is presented in Table 4.2. The following sections will
describe injury characteristics of six body areas of the upper extremity. A description of
sport type, event type, injury diagnoses and injury mechanisms are presented in Tables
4.3-4.8. The following body areas are presented from the highest frequency of injury to
the lowest frequency. Among the six body areas, some commonalities were found in
regards to injuries occurring in a specific type of sport and the event type. More injuries
were sustained by boys in contact sports whereas limited contact sports contributed to a
greater frequency in girls (Table 4.2). The percentage of injuries in both boys and girls
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that occurred during scheduled team practices was higher than in competitions for all
body areas except the wrist (Tables 4.3-4.8).
4.6.2

Hand/Finger Injury

The hand/fingers sustained more injuries (n=205, 41.0%) than all other areas of
the upper extremity (Table 4.2). Injury diagnoses for boys and girls were composed
primarily of sprains and contusions (Table 4.3) as a result of contact with other players,
the surface, or equipment. Almost half (49.0%) of boys’ injuries resulted from contact
with another player whereas the majority of girls’ injuries occurred as a result of contact
with equipment (72.9%).
4.6.3

Shoulder

Overall, 150 (30.0%) shoulder injuries were sustained by both boys and girls
(Table 4.2).

Injury diagnoses varied with boys reporting more sprains, strains,

tendinopathies and contusions stemming from several different mechanisms (Table 4.4).
Girls experienced primarily tendinopathies and strains resulting from an overwhelming
majority (n=25, 83.3%) of overuse/gradual or no contact injury mechanisms (Table 4.4).
4.6.4

Elbow

Elbow injuries accounted for a total of 50 (10.0%) injuries in both boys and girls
(Table 4.2). Boys reported mostly sprains (n=13, 39.4%) and contusions (n=8, 24.2%)
resulting from player contact (n=11, 33.3%) or surface contact (n=9, 27.3%)(Table 4.5).
Girls reported primarily tendinopathies (n=10, 58.8%) with the most frequent injury
mechanism identified as overuse/gradual (n=8, 47.1%) followed by contact with the
surface (n=5, 29.4%).
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4.6.5

Wrist

Wrist injuries accounted for a total of 48 injuries in both boys and girls, which
was nearly the same as elbow injuries. The wrist was the only body area where injuries
occurred almost equally during practices and competitions. Injury diagnoses for boys
were primarily sprains (n=22, 73.3%) resulting from player contact (n=10, 33.3%),
surface contact (n=11, 36.7) and contact with equipment (n=1, 3.3%)(Table 4.6). Girls
also reported more sprains (n=10, 55.6%) followed by neuropathy (n=3, 16.7%). The
injury mechanisms in girls varied between surface contact (n=5, 27.8%), contact with
equipment (n=4, 22.2%), and no contact or overuse/gradual (n=5, 27.8%).

Player

contact only resulted in one wrist injury in girls’ sports, which is far less than boys
(n=10).
4.6.6

Forearm and Upper Arm

The forearm and upper arm each had relatively low injury frequencies compared
to the other body areas in the upper extremity (Table 4.1). The forearm sustained injury
diagnoses of contusions (boys=11, 68.8%; girls=3, 30.0%), strains (boys=4, 25.0%;
girls=4, 40.0%) and tendinopathies (girls=20.0%)(Table 4.7).

When examining the

mechanisms for forearm injuries, boys sustained injuries via contact from a player (n=7,
43.8%) or the surface (n=5, 31.3%). Girls’ injuries were primarily from overuse/gradual
(n=6, 60.0%) with four injuries resulting from contact (n=4, 40.0%). There were no
forearm injuries in boys attributed to the overuse/gradual mechanism.
Similar to the forearm, the most frequent injury diagnoses in the upper arm were
contusions (boys=8, 57.1%; girls=3, 42.9%), strains (boys=4, 28.6%), and tendinopathies
(girls=3, 42.9%)(Table 4.8). Mechanisms of injury in girls’ sports were also similar with
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the majority stemming from overuse/gradual (n=3, 42.9%) or no contact (n=2, 28.6%).
Unlike in the forearm, boys did experience arm injuries from the overuse/gradual and no
contact mechanisms (n=4, 28.5%). However, the most frequently reported mechanism
for boys was player contact (n=8, 57.1%).
4.7

Discussion
Our high school sports injury epidemiology data reflect a total of 500 non-time-

loss upper extremity injuries with information on associated injury mechanisms. To our
knowledge, we are the first to focus specifically on NTL injuries to the upper extremity in
high school athletes while also focusing on the mechanism of injury. Much attention has
been placed on TL injuries as these injuries may cause an athlete to miss participation for
a potentially significant amount of time due to severity and tissue damage.

This

emphasis on TL injuries causes an underrepresentation of all injuries that high school
student-athletes and ATs encounter. Although NTL injuries typically do not require an
athlete to be out from participation beyond the day of injury, many of these injuries still
require services from an AT that allow the athlete to continue participating. Previous
research has shown that NTL injuries are much more frequent than TL injuries and also
utilize more treatments provided by ATs than patients with TL injuries.23 25-27,67,68 In this
database, there were 10,872 NTL injuries to the upper extremity. Although we are
describing only those with injury mechanism data, an understanding of NTL injuries is
vital to accurately describe the full burden placed on ATs that are employed in the high
school setting. Through this understanding, gains in prevention strategies, training and
conditioning techniques, and approaches to treatment may be progressed.
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This study describes only NTL injuries that were collected in the NATION
database with an associated mechanism of injury. Previous researchers have published
reports using NATION data that have included NTL injuries, but mechanisms of injury
were not described.67,68

Allen67 reported on injuries to boy’s and girls’ basketball

players, but described the mechanism for TL injuries only as too few NTL injuries
included the key variable of mechanism. Valier did not describe the mechanism of injury
for TL nor NTL injuries sustained by softball players. Both studies included NTL
injuries recorded in the NATION database that did not include the mechanism of injury
which in turn reflects a larger number of NTL injuries than what is included in this
current report. Due to the inclusion of only NTL injuries with an associated mechanism,
injury rates were not calculated therefore comparison with other injury rates from
previously published reports is not feasible.
Among the NTL injuries included in this study, sprains accounted for the greatest
frequency of injury diagnoses. Nearly half of all boys’ injuries and one-third of all girls’
injuries were sprains. Kerr et al found a similar result when investigating all body areas,
not just the upper extremity.26 Sprains are typically associated with time-loss, however,
in our study on NTL injuries, a large proportion were diagnosed as sprains. These
sprains were primarily (72.0%) caused by a contact mechanism. Joint sprains increase
the risk of alterations of normal joint motion and may also increase the risk for overuse
injuries, specifically in the shoulder.104,105
Boys sustained 71.6% of their total injuries due to contact with a player,
equipment, or the playing surface. Nearly half (45.4%) of all injuries were caused
specifically by contact with another player.
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Results from this study show the

hand/fingers sustained most of the injuries and can be attributed to the sport of football.
Previous studies have demonstrated that contact with another player is the most common
mechanism of injury in football.37,47 Prevention of these types of injuries can be assisted
through the use of protective devices and techniques designed to provide stability to the
joints of the hand/fingers and wrist while also protecting against lacerations or abrasions.
It is imperative to reinforce the use of protective equipment, such as gloves, bracing, and
taping, for the reduction of injuries.
Girls reported 49.3% of their total injuries from contact related mechanisms with
only 6.2% stemming from contact with another player. These injuries occurred primarily
in volleyball, basketball and softball. Girls experienced a large proportion of injuries
through contact with equipment. These results are consistent with those of TL injuries
involving the upper extremity.22,58 Johnson et al found that the hand/wrist TL injury
frequency in boys was higher from contact mechanisms with player contact having the
greatest frequency while girls’ injuries resulted primarily from contact with equipment. 22
Robinson et al found similar results with the majority of TL shoulder injuries in boys
stemming from player contact whereas girls experienced a larger proportion of injury
through contact with equipment or by noncontact.58
No contact and overuse/gradual mechanisms of injury were most common in
girls’ sports with 40.0% of all girls’ injuries occurring from these two mechanisms which
primarily affected the shoulder. Associated diagnoses of tendinopathies and strains were
also higher in girls’ sports than boys. When considering boys’ injuries, only 17.0% were
caused through no contact or overuse/gradual mechanisms. These trends support the
literature in the high school setting.106,107 Roos et al noted in a study on overuse TL
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injuries, that girls’ reported a much higher frequency of this type of injury than their male
counterparts.106 Robinson found similar results with almost half of all TL shoulder
injuries in girls were due to no contact or overuse.58 The incidence of overuse/gradual
injuries in girls may be higher due to anatomical and biomechanical differences,
differences in coaching, training, or conditioning programs; and that girls may seek
medical care sooner than their males.106
Female athletes may need injury prevention programs different than their male
counterparts due to the above noted differences.108

The effect of injury prevention

programs (IPPs) has been studied in young athletes with the majority of studies focusing
on the lower extremity and time-loss injuries.109,110 Compared with normative practices
or control groups, IPPs were shown to significantly decrease injury rate ratios among
participants in team sports. Despite formative conclusions on why IPP’s are effective,
researchers suggest that the activities the participants perform in the IPP have a positive
impact on muscular strength, proprioceptive balance and flexibility.

In a cluster

randomized controlled trial, researchers implemented a school-based program focusing
on reducing sports injuries through neuromuscular training. This program was effective
in reducing the rate of non-acute sports and recreational injuries in female adolescents. 111
Specific to the upper extremity, the Oslo Sports Trauma Research Center Shoulder Injury
Prevention Programme used during warm-up has been shown to decrease the prevalence
of overuse shoulder injuries in both male and female throwing athletes.110 These results
encourage the use of IPP’s to reduce injuries caused by overuse/gradual mechanisms.
Although there are differences in mechanisms of injury between boys and girls,
the variations are similar when comparing NTL and TL upper extremity injuries. While
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much attention over the past two decades has been paid to the prevention of TL injuries,
expanding that focus to the prevention of NTL injuries is warranted. Prevention efforts
aimed at both types of injuries will not only provide a positive impact on student-athlete
participation through injury reduction but also on the reduction of workload by the ATs
providing health care services. Increased time and resources are spent on managing
student-athletes with NTL injuries with hopes to avoid a decrease in playing time and to
continue or improve their current participation status. Acquiring an understanding of the
mechanisms of injury for both NTL and TL injuries lends itself to the development of
injury prevention programs, training modifications, and/or rule changes to better protect
athletes from contact and noncontact injuries that occur in sport.
Our study had several limitations. The NTL injuries used in this study were from
a convenience sample collected as part of the NATION injury surveillance program.
Variations in reporting of NTL injuries exist which resulted in only a small sample made
with associated injury mechanisms made available. The sample used was only 4.5% of
all of the NTL injuries affecting the upper extremity in the NATION database. The
exposure data was not stratified by injuries with or without mechanisms and could not be
used to calculate injury rates or rate ratios for comparisons. Also, documentation practice
patterns of the participating ATs vary despite training and ongoing communication with
the surveillance program quality control staff. Only schools whose athletes had access to
a certified AT were included in the sampling design.

These data may not be

generalizable to all student-athletes yet we believe our sample provides enough diversity
and size to inform on NTL injuries. Future research should focus on all aspects of NTL
injuries, especially the collection of injury mechanisms where applicable, to expand our
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knowledge of injury epidemiology for all injury types. This expansion will provide a
more complete understanding of the costs, time, and resources associated with the
treatment and management of sports injuries.
4.8

Conclusions
Injuries, both non-time-loss and time-loss, are a common occurrence from

participation in high school sports. This study demonstrates the mechanisms for NTL
injuries are comparable to similar TL injuries and follow gender specific injury patterns.
Knowledge of the comprehensive analyses performed on TL mechanisms can benefit
ATs and other stakeholders regarding prevention programs, injury diagnoses, and
management. As TL injuries are not the only injuries occurring in high school sports,
more high-quality studies that include the mechanisms of injury for NTL injuries are
needed. These data are required to develop effective preventive strategies. This is a
crucial step toward reducing the total number of injuries that student-athletes experience
and for which ATs provide medical services.
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Table 4.1 Upper Extremity Injury Frequencies by Sport (n=500)
No. of
No. of
Injuries, (%)
Exposures
500 (100)
5,146,386
All Sports
370
3,233,736
All Boys’ Sports
Contact/Collison
Basketball
45 (9.0)
364,556
Football
255 (51.0)
1,107,408
Lacrosse
7 (1.4)
166,889
Soccer
8 (1.6)
208,638
Wrestling
16 (3.2)
237,758
Limited Contact
Baseball
35 (7.0)
208,857
Noncontact
Crew
0 (0.0)
24,672
Cross Country
0 (0.0)
258,529
Golf
0 (0.0)
28,068
Swimming
0 (0.0)
81,523
Tennis
1 (0.2)
45,987
Indoor Track
0 (0.0)
221,814
Outdoor Track
3 (0.6)
279,037
130
1,912,650
All Girls’ Sports
Contact/Collision
Basketball
22 (4.4)
288,633
Field Hockey
5 (1.0)
149,141
Gymnastics
4 (0.8)
30,148
Lacrosse
1 (0.2)
101,128
Soccer
6 (1.2)
173,575
Limited Contact
Softball
39 (7.8)
140,119
Volleyball
47 (9.4)
296,516
Noncontact
Crew
1 (0.2)
22,097
Cross Country
1 (0.2)
197,640
Golf
0 (0.0)
6,344
Swimming
0 (0.0)
69,115
Tennis
0 (0.0)
43,638
Indoor Track
0 (0.0)
174,624
Outdoor Track
4 (0.8)
219,932
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Table 4.2 Upper Extremity Injury by Body Area, Type of Sport, Event Type, Season,
Diagnosis and Mechanism (n=500)
Total, n
Boys, n
Girls, n
(%)
(%)
(%)
500 (100)
370 (100) 130 (100)
All Sports
Body Area
Shoulder/Clavicle
150 (30.0)
120 (32.4) 30 (23.1)
Arm (Upper)
21 (4.2)
14 (3.8)
7 (5.4)
Elbow
50 (10.0)
33 (8.9)
17 (13.1)
Forearm
26 (5.2)
16 (4.3)
10 (7.7)
Wrist
48 (9.6)
30 (8.1)
18 (13.8)
Hand/Fingers
205 (41.0)
157 (42.4) 48 (36.9)
Type of Sport
Contact/Collison
369 (73.8)
331 (89.5) 38 (29.2)
Limited Contact
122 (24.4)
35 (9.5)
87 (66.9)
Noncontact
9 (1.8)
4 (1.1)
5 (3.8)
Event Type
Practice
318 (63.6)
226 (61.1) 92 (70.8)
Competitions
182 (36.4) 144 (38 .9) 38 (29.2)
Time In Season
Preseason
156 (31.2)
113 (30.5) 43 (33.1)
Regular Season
325 (65.0)
241 (65.1) 84 (64.6)
Post Season
17 (3.4)
15 (4.1)
2 (1.5)
Out of Season
2 (0.4)
1 (0.3)
1 (0.8)
Diagnosis
Contusion
110 (22.0)
86 (23.2)
24 (18.5)
Dislocation
21 (4.2)
20 (5.4)
1 (0.8)
Fracture
3 (0.6)
2 (0.5)
1 (0.8)
Neuropathy
9 (1.8)
6 (1.6)
3 (2.3)
Skin Wound
17 (3.4)
11 (3.0)
6 (4.6)
Spraina
211 (42.2)
166 (44.9) 45 (34.6)
Strain
71 (14.2)
52 (14.1)
19 (14.6)
Tendinopathy
58 (11.6)
27 (7.3)
31 (23.8)
Mechanism
Player contact
176 (35.2)
168 (45.4)
8 (6.2)
Surface contact
63 (12.6)
49 (13.2)
14 (10.8)
Contact with
equipment
90 (18.0)
48 (13.0)
42 (32.3)
No contact
51 (10.2)
36 (9.7)
15 (11.5)
Overuse/gradual
64 (12.8)
27 (7.3)
37 (28.5)
a=Includes subluxation
*=includes fractures that did not result in TL
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Table 4.3 Hand/Finger Injury Type of Sport, Event Type, Season, Diagnosis, and
Mechanism (n = 205)
Boys, n (%)
Girls, n (%)
157 (100)
48 (100)
All Sports
Total
Type of Sport
Contact/Collison
149 (94.9)
18 (37.5)
Limited Contact
7 (4.5)
29 (60.4)
Noncontact
1 (0.5)
1 (2.1)
Event Type
Practice
98 (62.4)
33 (68.8)
Competitions
59 (37.6)
15 (31.3)
Diagnosis
Contusion
43 (27.4)
12 (25.0)
Dislocation
13 (8.3)
1 (2.1)
Fracture
0
0
Skin Wound
4 (2.5)
2 (4.2)
Spraina
90 (57.3)
31 (64.6)
Strain
7 (4.5)
2 (4.2)
Mechanism
Player contact
77 (49.0)
2 (4.2)
Surface contact
12 (7.6)
2 (4.2)
Contact with
equipment
39 (24.8)
35 (72.9)
No contact
9 (5.7)
1 (2.1)
Other
20 (12.8)
8 (16.7)
a=Includes subluxation
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Table 4.4 Shoulder Injury Type of Sport, Event Type, Season, Diagnosis, and Mechanism
(n= 150)
Boys, n (%)
Girls, n (%)
120 (100)
30 (100)
All Sports
Total
Type of Sport
Contact/Collison
103 (85.9)
5 (16.7)
Limited Contact
14 (11.7)
23 (76.7)
Noncontact
3 (2.5)
2 (6.7)
Event Type
Practice
71 (59.2)
24 (80.0)
Competitions
49 (40.8)
6 (20.0)
Diagnosis
Contusion
11 (9.2)
0
Dislocation
7 (5.8)
0
Fracture
2 (1.7)
1 (3.3)
Neuropathy
3 (2.5)
0
a
Sprain
41 (34.2)
3 (10.0)
Strain
35 (29.2)
11 (36.7)
Tendinopathy
21 (17.5)
15 (50.0)
Mechanism
Player contact
55 (45.8)
1 (3.3)
Surface contact
12 (10.0)
1 (3.3)
Contact with
equipment
3 (2.5)
0
No contact
19 (15.8)
7 (23.3)
Overuse/gradual
17 (14.2)
18 (60.0)
Other
17 (14.2)
3 (10.0)
a=Includes subluxation
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Table 4.5 Elbow Injury Type of Sport, Event Type, Season, Diagnosis, and Mechanism
(n = 50)
Boys, n (%)
Girls, n (%)
33 (100)
17 (100)
All Sports
Total
Type of Sport
Contact/Collison
25 (75.8)
6 (35.3)
Limited Contact
8 (24.2)
11 (64.7)
Noncontact
0
0
Event Type
Practice
22 (66.7)
11 (64.7)
Competitions
11 (33.3)
6 (35.3)
Diagnosis
Contusion
8 (24.2)
4 (23.5)
Dislocation
0
0
Fracture
0
0
Neuropathy
2 (6.1)
0
Skin Wound
6 (18.2)
2 (11.8)
Spraina
13 (39.4)
1 (5.9)
Strain
0
0
Tendinopathy
4 (12.1)
10 (58.8)
Mechanism
Player contact
11 (33.3)
1 (5.9)
Surface contact
9 (27.3)
5 (29.4)
Contact with
equipment
1 (3.0)
1 (5.9)
No contact
4 (12.1)
2 (11.8)
Overuse/gradual
4 (12.1)
8 (47.1)
Other
4 (12.1)
0
a=Includes subluxation
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Table 4.6 Wrist Injury Type of Sport, Event Type, Season, Diagnosis, and Mechanism
(n = 48)
Boys, n (%)
Girls, n (%)
30 (100)
18 (100)
All Sports
Total
Type of Sport
Contact/Collison
27 (90.0)
7 (38.9)
Limited Contact
3 (10.0)
11 (61.1)
Noncontact
0
0
Event Type
Practice
15 (50.0)
10 (55.6)
Competitions
15 (50.0)
8 (44.4)
Diagnosis
Contusion
5 (16.7)
2 (11.1)
Dislocation
0
0
Fracture
0
0
Neuropathy
1 (3.3)
3 (16.7)
Skin Wound
0
1 (5.6)
Spraina
22 (73.3)
10 (55.6)
Strain
2 (6.7)
1 (5.6)
Tendinopathy
0
1 (5.6)
Mechanism
Player contact
10 (33.3)
1 (5.6)
Surface contact
11 (36.7)
5 (27.8)
Contact with
equipment
1 (3.3)
4 (22.2)
No contact
2 (6.7)
3 (16.7)
Overuse/gradual
3 (10.0)
2 (11.1)
Other
3 (10.0)
3 (16.7)
a=Includes subluxation
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Table 4.7 Forearm Injury Type of Sport, Event Type, Season, Diagnosis, and Mechanism
(n = 26)
Boys, n (%)
Girls, n (%)
16 (100)
10 (100)
All Sports
Total
Type of Sport
Contact/Collison
16 (100)
1 (10.0)
Limited Contact
0
7 (70.0)
Noncontact
0
2 (20.0)
Event Type
Practice
12 (75.0)
9 (90.0)
Competitions
4 (25.0)
1 (10.0)
Diagnosis
Contusion
11 (68.8)
3 (30.0)
Fracture
0
0
Skin Wound
1 (6.3)
1 (10.0)
Strain
4 (25.0)
4 (40.0)
Tendinopathy
0
2 (20.0)
Mechanism
Player contact
7 (43.8)
2 (20.0)
Surface contact
5 (31.3)
1 (10.0)
Contact with
equipment
2 (12.5)
1 (10.0)
No contact
1 (6.3)
0
Overuse/gradual
0
6 (60.0)
Other
1 (6.3)
0
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Table 4.8 Arm Injury Type of Sport, Event Type, Season, Diagnosis, and Mechanism
(n = 21)
Boys, n (%)
Girls, n (%)
14 (100)
7 (100)
All Sports
Total
Type of Sport
Contact/Collison
11 (78.6)
1 (14.3)
Limited Contact
3 (21.4)
6 (85.7)
Noncontact
0
0
Event Type
Practice
8 (57.1)
5 (71.4)
Competitions
6 (42.9)
2 (28.6)
Diagnosis
Contusion
8 (57.1)
3 (42.9)
Fracture
0
0
Skin Wound
0
0
Strain
4 (28.6)
1 (14.3)
Tendinopathy
2 (14.3)
3 (42.9)
Mechanism
Player contact
8 (57.1)
1 (14.3)
Surface contact
0
0
Contact with
equipment
2 (14.3)
1 (14.3)
No contact
1 (7.1)
2 (28.6)
Overuse/gradual
3 (21.4)
3 (42.9)
Other
0
0
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CHAPTER 5. RETURN TO PLAY TIMEFRAMES AFTER NON-SURGICAL TIMELOSS UPPER EXTREMITY INJURY IN HIGH SCHOOL SPORTS: A REPORT
FROM THE NATIONAL ATHLETIC TREATMENT, INJURY AND OUTCOMES
NETWORK (NATION)
5.1

Introduction
Each year, millions of young athletes participate in high school sports.1 Injuries

occur due to this participation resulting in time away from the activity.14-17,54,59,68 After a
sports injury, typically the first question asked by the injured athlete is: “When can I
return?” Athletic trainers (ATs) and other sports medicine clinicians charged with
answering this question rely on a multitude of factors to provide an estimate of that
athlete’s return.

Decisions regarding a safe and timely return to play (RTP) have

historically incorporated subjective reasoning, rates of healing of injured tissues, return of
strength and range of motion deficits and contextual factors regarding the athlete and
demands of the sport.34 With an aim to reduce subjectivity and to standardize return to
play decision making, a surge in RTP literature for a variety of body areas and specific
injuries has occurred.69,86,112-118
In 2016, a consensus statement was released on return to sport from the First
World Congress in Sports Physical Therapy.72

As a result of this meeting, it was

identified that little evidence exists regarding RTP, specifically rate or time to return, for
injuries to the upper extremity.

The shoulder was briefly discussed with limited

information being shared about factors associated with RTP and criteria that should be
used in clinical decision making. No other upper extremity body region was discussed.
Contributors to the meeting identified that for many common sports injuries, RTP criteria
is not based on solid scientific evidence and the criteria used lacks consensus.72,119 Since
that time, efforts have been made to standardize the RTP criteria for specific injuries in
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the shoulder and elbow. Wilk et al.112,120 identified a battery of functional tests and
criteria to assess the readiness to return from shoulder and elbow injuries. However,
specific tracking of the time to return has not been reported from these functional tests.
The upper extremity is not injured as often as the lower extremity yet there are
some sports where the upper extremity does incur injury at a higher rate than other
areas.8,74,75,121 Recent reports summarizing a decade’s worth of sports injury surveillance
highlights where the upper extremity ranks in injury rates for practices and competitions.
In high school girls’ volleyball, girls’ softball and boys’ baseball, the wrist/hand ranks in
the top three for injury rates in both practices and competitions. The wrist/hand ranks
second in competitions in girls’ field hockey, boys’ lacrosse and boys’ ice hockey
(Appendix A). This is important information as hand and wrist injuries have shown to
rank as the most expensive injury types, before knee, hip and lower limb fractures and
greatly increases productivity costs.63 Shoulder/clavicle injury is in the top three most
common injury sites for boys wrestling, ice hockey, and lacrosse. The arm/elbow also
had the third highest injury rate in competitions in boys’ baseball (Appendix A). As
evidenced by these injury rates, RTP information on these body regions requires attention
as well.
Time-loss due to injury is typically presented as proportions in sports injury
surveillance. Inaccuracies may result in these proportions or rates, if the injured athletes
were lost to follow-up during the study period which resulted in their case being
excluded. A statistical method that accounts for all injured athletes regardless of RTP
follow up and can provide a more accurate estimate for time to return to play (T-RTP) is
time-to-event analysis. These analysis techniques have been used for decades in public
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health research, however, utilization in sports injury research is still relatively new.
Time-to-event analysis allows for a more accurate way to evaluate return time determined
from actual time-based measures, as opposed to summary results in proportions, rates,
and tissue healing estimates.
One method for calculating estimates of T-RTP probabilities is the Kaplan-Meier
method. With the Kaplan-Meier method, athletes are observed throughout a competitive
season with the event of interest being the T-RTP. Athletes who are lost to follow up or
do not return within the study period can still be accounted for through censoring.
Censored cases are those that have not yet had the event of interest but are included in the
calculations for the T-RTP probability estimates. Discarding those individuals that have
yet to return might bias the result towards earlier (shorter) RTP probability estimates. If
the event of interest (RTP during that season) did not occur before the season ends, this
athlete can be considered a censored observation. Similar to previous reports, censored
cases are those athletes who did not RTP before the season ended for one of seven
reasons: 1) the season ended before the athlete could RTP; 2) the athlete sustained an
injury resulting in a medical disqualification for the season; 3) the athlete sustained an
injury resulting in a medical disqualification for their career; 4) the athlete chose not to
continue but was not medically disqualified; 5) the athlete did not return for unspecified
reasons; 6) the athlete was released from the team but not as a result of medical
disqualification; or 7) the date of return was not recorded by the clinician. 86,88 Through
these time-to-event analysis techniques, more accurate and time-based data can be shared
with key stakeholders.

The primary purpose of this study was to generate RTP

probabilities between different body regions of the upper extremity using time-to-event
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analysis methodologies. First, it is hypothesized that no differences will exist in the
probability of T-RTP for time-loss injuries not requiring surgical interventions across all
six body regions of the upper extremity. Secondarily, we investigate if differences in TRTP exist in the two most common injury types.
5.2

Methods
A descriptive epidemiologic design was used to examine time-loss injuries in

secondary school boys’ and girls’ sports. Data were obtained from the Datalys Center for
Sports Injury Research and Prevention, Inc. (Indianapolis, IN), which collected data
through the National Athletic Treatment, Injury and Outcomes Network Surveillance
Program (NATION-SP).

The NATION-SP project was approved by the Western

Institutional Review Board (Puyallup, WA), and the current study was reviewed and
approved by the local institutional review board before the review of any data.
5.3

Data Collection
An updated methods paper was recently published and described the operational

methods of NATION-SP for five academic years from the 2014/2015 through
2018/2019.122

These data were collected via a rolling recruitment model from a

convenience sample of high schools with access to ATs. Athletic trainers who worked
within the schools and with the participating teams collected injury and exposure data
into an electronic medical record or injury documentation applications.

Injury data

included information on condition and circumstance, mechanism, event type, sport, and
time-loss. Athletic trainers were able to modify the record as needed if injury and
exposure characteristics changed from a previous submission. Exposure data including
the number of student-athletes participating in each school-sanctioned practice and
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competition were also recorded. The injury and exposure data were de-identified and
extracted and then transferred to secure Datalys Center servers making the transfer of this
data compliant with the Health Insurance Portability and Accountability Act (HIPAA).
All incoming data were processed through quality control while Datalys Center staff
helped ATs resolve any missing or invalid information. For this study, all sports where
an upper extremity injury occurred during the academic year were included in the
analysis.
5.4

Definitions
In order to be included in the NATION-SP, a reportable injury was defined as any

injury that occurred as a result of participation in an organized high school-sanctioned
athletic event for a school-sponsored sport and must have required attention from an AT
or physician, regardless of time-loss. Injuries were further defined as time-loss or nontime-loss. Only time-loss injuries were included in this study. A time-loss (TL) injury
required the student-athlete to be evaluated or treated by an AT or physician and
restricted from participation for at least 24 hours after the injury. For each reportable
injury, an initial report is submitted and collects general information about the case and
includes patient’s sex, sport, year in school, body part, injury mechanism, type of
exposure, surface, injury history, emergency transport, and injury assessment.

An

athlete-exposure (AE) was defined as a single student-athlete participating in one schoolsanctioned practice or competition in which he or she was exposed to the risk of injury,
regardless of the time associated with that participation. Exposures must have occurred
between July 1 and June 30 of the corresponding academic year. Within the academic
year, sport seasons were identified as the observation period. Seasons start and end dates
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were estimated based off a previous report and an extensive search of state high school
athletic association websites identifying when the seasons began and ultimately
concluded with the state championships.86 Estimated start, end dates, and total season
duration for each sport are listed in Table 5.1.
For this study, six body regions were included and described as shoulder/clavicle,
arm (upper), elbow, forearm, wrist, and hand/fingers.

These body regions will be

discussed individually as well as grouped into a large body area referred to as the upper
extremity. Injuries that required surgery, or if the surgery status was unknown, were
excluded from this analysis. Any upper extremity injury that was reported as a non-timeloss injury (returned to activity within 24 hours) was also excluded. Figure 5.1 depicts
the inclusion and exclusion criteria for this study and how the final number of injuries
was determined. The event date indicated the date the injury occurred. Return date
indicated the date the athlete returned to team activities, even if limitations or
accommodations were present. To calculate the number of days lost from participation
due to injury, the return date was subtracted from the event date providing the value
associated with the time-loss variable and used to determine T-RTP.
5.5

Statistical Analysis
Descriptive statistics, including frequency distributions, were used to summarize

data. Time to RTP (T-RTP) was the event of interest with the period of observation
being marked by the beginning and end of the competitive season for that sport. The
Kaplan-Meier survival analysis method was used to calculate RTP probability estimates,
defined as the probability of returning to play during a specified time interval. KaplanMeier estimates are calculated non-parametrically from the observed survival times, both

89

censored and uncensored. Censored cases were those athletes who did not return before
the season ended yet are included into the T-RTP probability estimate calculations. If
these censored cases were removed from the calculations, this would bias the probability
estimates toward shorter T-RTP timeframes. Kaplan Meier survival curves, which are
plots of the probability estimates against time, will be shown along with estimated
probability measures of T-RTP time intervals.
Providing T-RTP estimates for each time interval where an event of interest
occurred would be voluminous and not practical for an AT to reference. Therefore,
selected time intervals for the T-RTP probability estimates were chosen based on clinical
applicability for ATs: 1 day, 3 days, 7 days, 10 days, 14 days, 21 days and 30 days.
The log-rank test is the most widely used nonparametric test to compare survival
estimates in two or more groups. Here, the log-rank test was used to determine any
statistical significance of the differences in RTP probability estimates stratified body
regions and select injury diagnoses. A subgroup analysis was performed on select injury
diagnoses for further comparison of RTP probability estimates and consisted of fractures
and sprains.

These injury diagnoses were selected as they were the most frequent

diagnoses of all body regions. Pairwise comparisons and Holm-Bonferroni post-hoc
analyses were performed due to multiple comparisons. For the body region comparisons,
fifteen separate comparisons were present within the 6 body regions which sets the first
critical value of (.05/15 = 0.0033). For the injury diagnoses comparisons, six separate
comparisons were present with the first critical value of (0.05/6 = 0.0083). HolmBonferroni uses sequential Wilcoxon Signed Rank Tests to minimize error rates
associated with multiple comparisons. This method rank orders the significance from
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most to least followed by the Bonferroni correction. If the critical value identified in the
correction was not achieved, the comparisons were deemed not significant.123 Data
analysis was performed using SPSS (version 26; IBM Corp, Armonk, NY).
5.6

Results
The NATION-SP dataset for academic years 2014-2019 included a total of 2,346

upper extremity injuries (Figure 5.1). Injuries that required surgery or if the surgery
status was unknown (N=222, 9.5%) were excluded. Within the non-surgical upper
extremity injuries, N=1075 (50.6%) were time-loss while non-time-loss accounted for
N=1049 (49.4%).

Of all non-surgical, time-loss injuries, 443 (41.2%) affected the

shoulder, 317 (29.5%) were to the hand/fingers, 106 (9.9%) affected the elbow, 100
(9.3%) affected the wrist, 76 (7.1%) were to the forearm, and 33 (3.1%) were to the upper
arm. Beyond location of injury, the descriptive characteristics such as sport (Table 5.2),
exposure type, mechanism, injury recurrence and several other characteristics are detailed
(Table 5.3).

Of the 1,075 time-loss upper extremity injuries, 810 (68.5%) had a

documented date for RTP; 373 (31.5%) were censored cases. Injury diagnoses (includes
censored and uncensored cases) for body regions are described in Table 5.4. Fractures
and sprains were the most common injury diagnoses and will be examined further and
described below.
5.6.1

Time to Return to Play across Body Regions

The log rank test identified a significant difference (p=0.013) in T-RTP estimates
among the six body regions. After pairwise comparisons and post-hoc analysis, no
statistical significance was present between pairs of body regions; however, the greatest
difference was between the wrist (median=6 days) and the forearm (median=14 days)
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which had a difference of 8 days with (p=0.005) but did not reach the critical value of (p
≤ 0.0033).

Survival curves are illustrated by plots of one minus cumulative RTP

probabilities in Figure 5.2. These curves are a graphical representation that identifies the
proportion of athletes that have had the event of interest, RTP, over time. Survival curves
are presented in a stair-step fashion where each time an event occurs, or an athlete
returned to play, a stair-step is depicted. Vertical hash marks in the curve indicate an
athlete was censored at that time point. Probability estimates for T-RTP are presented by
body region at clinically applicable time intervals and at the median time point in Table
5.5.
5.6.2

Time to Return to Play for Select Injury Diagnoses

Estimates for T-RTP were examined for fractures within the forearm, hand/finger,
shoulder, and wrist (Figure 5.3). The log rank test identified a significant difference
(p=0.001) in T-RTP estimates for fractures. Pairwise comparisons and post-hoc analysis
indicated a significant difference in T-RTP for fractures in the shoulder and hand/finger
(p=0.001), shoulder and forearm (p=0.001) and shoulder and wrist (p=0.001) as each
comparison reached the critical value (p ≤ 0.0083). Median T-RTP in shoulder fractures
was not ever obtained however, at 111 days 47.2% of the shoulder fractures had returned
to sport. The median T-RTP for fractures in the other body regions was reached with
hand/fingers at 26 days (CI95 6,36 days), wrist at 26 days (CI95 5,47 days), and forearm at
53 days (CI95 23,83 days).(Table 5.6).
Sprains in the shoulder, wrist, hand, and elbow were selected for further analysis
as none were reported for the arm or forearm. T-RTP estimates were compared and the
Log-Rank Test determined statistical significance (p=0.006). Pairwise comparisons and
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post-hoc analysis indicated a significant difference between T-RTP for sprains in the
shoulder and hand/finger (p=0.003) as this comparison reached the critical value (p ≤
0.0083). Median T-RTP for shoulder sprains was 11 days (CI95 7,15 days) and 5 days
(CI95 4,6 days) for hand/finger sprains (p ≤ 0.001)(Figure 5.4)(Table 5.6).
5.7

Discussion
When an injury occurs that results in time away from participation, an immediate

discussion of when the athlete can return is held among athletes, coaches, parents and
sports medicine clinicians. This important question can be difficult to answer in many
circumstances. As a whole, the ability to answer questions regarding T-RTP lacks
standardization and consensus on how to determine this vital piece of information. A
unique and novel approach to determining T-RTP is through the use of Kaplan Meier
estimates, which utilizes discrete time-loss data to calculate the probability of one’s
return and incorporates information from those that didn’t return to play that season for
various reasons. This study, the most comprehensive examination to date of surveillance
return to play data for non-surgical upper extremity injuries, identified RTP probability
estimates for six body areas of the upper extremity. The information provided by this
study highlights a piece of the clinical picture that can be used to better understand an
athlete’s return to participation with this type of upper extremity injury.
Although return to play has been investigated in previous epidemiologic studies,
differences are present in how surveillance programs and other studies define return to
play.

The High School Reporting Online surveillance program (HS RIO) and the

National Collegiate Athletic Association Injury Surveillance Program (NCAA-SP) both
define RTP to be at a level that would allow competition participation.4,7
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On the

contrary, the NATION-SP, from which this current study accessed data, defined RTP as
returning to scheduled team activities, even with limitations or accommodations.23,122
This limits the opportunities to compare results to other studies as the consensus of RTP
publications align with the definition of RTP as being competition ready. Ardern et al. 72
identified three elements on a continuum of return to sport through which athletes
progress. The first element is described as ‘return to participation’ where an athlete may
be participating in progressive rehabilitative exercises, modified or unrestricted training,
or even returning to his/her sport, but not at a level ready for competition.72 The
timeframes described in this current study match with the element of ‘return to
participation’ as described in the consensus statement on return to sport and are often
most relevant to the sports medicine team managing these injuries and coaches of high
school athletes.
As demonstrated in this study, T-RTP varied across body regions of the upper
extremity.

Approximately 50% of athletes with time-loss injuries returned to play

between 7-10 days, except those with shoulder and forearm injuries, which experienced a
longer time to return (Table 5.5). Median time to return for shoulder injuries was 11 days
(CI95 8,14 days) while the forearm had a median return time of 14 days (CI95 5,23 days).
The wrist had the shortest median time to return at 6 days (CI95 4,8 days), followed by the
arm and hand/fingers at 7 days (CI95 5,9 days), and the elbow at 8 days (CI95 4,12 days).
The log rank test indicated a significant interaction, however after the Holm-Bonferroni
correction, no significant difference was detected. The data trended toward a significant
difference but did not meet the critical value needed in the correction. Although there was
no statistical significance, there is clinical significance in the median return time. From a
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clinical standpoint, the difference in about one week of time-loss compared to two weeks
of time-loss can have a dramatic impact on how that sport season plays out for the injured
athlete resulting in missing one competition to several depending on the sport. Time-loss
from sport can create significant hardships albeit social, emotional, and financial, on the
athlete.

Being able to provide an objective time-based median days of time-loss,

regardless of injury diagnosis, for the entire upper extremity is an important baseline to
establish. As this is the first study focusing on the entire upper extremity in all high
school sports, no comparison can be made to an overall median days to return. Previous
reports on lower extremity injuries in the high school population did not provide that
critical clinical information either.39,124
The shoulder and hand/fingers sustained the majority of the injuries in the upper
extremity. Shoulder injuries consisted of primarily sprains and strains. Regardless of
injury diagnosis, the median time-loss for shoulder injuries was 11 days (CI95 8,14 days)
with 44.5% of the athletes returning within 7 days. In a previous study examining
shoulder injuries in the high school population, sprains and strains were also the most
common injury diagnosis.58 Median time-loss was not reported in the study, however, TRTP among the participants indicated that 40.7% of all athletes returned within one
week. Saper et al. examined shoulder injuries in baseball players and also found that
40.4% of shoulder injuries returned to play within one week.54 Oliver investigated
shoulder injuries in softball players and reported similar proportions of returning athletes
at the one week mark (42.0% pitchers, 46.5% position players).59 The proportion of
athletes returning within seven days from a shoulder injury, fractures not included, is
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consistent with this study and across other studies despite variations on which sports were
included and the definition of return of play.54,58,59
Injuries to the hand/fingers were largely fractures, sprains, and contusions. The
median time-loss was seven days despite diagnosis. In a large sample epidemiology
report, researchers combined the hand and fingers with the wrist.22 Injury rates and
patterns were described and despite the combining of these body regions, injury
diagnoses were consistent across both studies with fractures, contusions, and sprains
accumulating the majority. Johnson et al. reported RTP time occurred within seven days
in almost half of the population even with the inclusion of the wrist.22 The current study
examined the wrist separately and found the median time-loss for wrist injuries was 6
days (CI95 4,8 days) and hand/finger injuries 7 days (CI95 5,9 days) indicating a consistent
time-loss across the distal upper extremity in various studies.
Fractures and sprains were the two most common diagnoses across all six body
regions. In these data, shoulder fractures were primarily fractures to the clavicle with
34/35 involving the clavicle and only one involving the scapula. Within these injuries, 11
(31.4%) returned to participation during the season. Median T-RTP in shoulder fractures
was not ever obtained however, at 111 days 47.2% of the shoulder fractures had returned
to sport. The remaining 24 (68.6%) were censored as they did not have a return during
the season. Nearly all of those that did not return were reported as having a season
ending injury or a time-loss of greater than 30+ days which didn’t allow for a return
within the competitive season. These data are consistent with previous literature on
clavicle fractures.61,125 Clavicle fractures are the most common fracture sustained in
adolescents and the high school patient population.126 In a study examining clavicle
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fractures in high school athletes, 34.4% of athletes returned to play during the season in
which they were injured. This percentage of return within the same season is slightly
higher than what was reported in the current study, however, the sample size in the
current study drastically smaller than the one described by McCarthy et al.61 Clavicle
fractures were also examined specifically in football players within the National Football
League (NFL) population.125 Only 27.6% (n=8) of players were able to return to play
within the same season. The other 25 players eventually returned, but after the season
ended. It is clear from the current and previous research a clavicle fracture to an athlete
is detrimental to sport participation. This would suggest that examining mechanism of
injury to prevent clavicle fractures would help reduce time-loss shoulder injuries.
Fractures to the hand/fingers had a statistically significant shorter median days to
return (median=26 days, CI95 16,36 days) when compared to shoulder fractures in this
study. Athletes with hand/finger fractures (n=111) saw a RTP during the season in
68.5% (n=76) of the cases. The remaining 31.5% (n=35) did not return within the season
and were censored. In a study examining return to sport after hand fractures in NCAA
athletes, over 90% of non-operative hand and finger fractures returned to sport within the
same season in both male and female sports.127 Median days to return for non-operative
metacarpal fractures was 3 days for males and 16.5 days for females. Non-operative
phalangeal fractures reported a median of 0 days for both male and female athletes. The
data in the current study reported a median days to return at 26 days for hand/finger
fractures and was not stratified by metacarpal or phalangeal fracture types within the
hand and finger as in the study examining collegiate athletes.127 The difference in median
days out may be attributed to the different levels of competition and a potentially more
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conservative approach with the younger high school patient population. Also, some
fractures to the hand and fingers result in splints and casts that can be padded for extra
protection and allow for earlier participation in the sport to continue. The data in the
current study comes from multiple high schools in several different states.

Rule

variations exist across the many state high school athletic associations and certain casting
materials (i.e. hard/rigid cast vs. soft/playing cast) may not be permitted during
competition in all states, ultimately stopping participation for that athlete until the
cast/splint is removed.

What is permitted in one state may not be permitted in a

neighboring state. In the NCAA, all member institutions follow the same guidelines on
what is allowed in regards to equipment and safety padding considerations essentially
leveling out how wearing a cast may affect one’s ability to RTP.
Fractures to the forearm and wrist both had a statistically significant T-RTP when
compared to shoulder fractures. Median T-RTP for forearm fractures was 53 days (CI95
23,83 days) and for the wrist (CI95 23,83 days). It is not uncommon for athletes to RTP in
their sport before complete healing from a forearm, wrist, or hand fracture due to
advancements in the playing cast and other immobilization techniques.116

These

immobilization devices and playing casts are not available for a shoulder fracture thus
serving as one explanation why these body regions see a significantly shorter T-RTP than
the shoulder.
Time-loss from sprains was examined in the shoulder, elbow, wrist and
hand/fingers. When comparing T-RTP estimates across these body regions and injuries,
the initial comparison using the Log Rank test revealed a statistical significance. After
Holm-Bonferroni corrections, the critical value was met between shoulder and
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hand/finger sprains (p ≤ 0.0083). Athletes with shoulder sprains demonstrated a median
T-RTP of 11 days (CI95 7,15 days) whereas hand/fingers had a median of 5 days (CI95
4,6). There are two previous reports looking specifically at shoulder injuries in high
school athletes.57,58 Both reports combine the injury diagnoses of sprains and strains into
the same category. Although T-RTP was not described by diagnosis in these reports,
both authors stated that the majority of shoulder injuries (40.7%) returned in
approximately one week. Two additional reports examine shoulder injuries in high
school baseball and softball athletes.54,59

The diagnoses of sprains and strains are

separated in these reports, however T-RTP information is not subdivided by diagnosis.
Without the ability to compare time-loss specifically for sprains, reverting back to T-RTP
for all shoulder injury types indicates that 44.5% of all shoulder injuries return within 7
days. Saper et al. revealed that for all shoulder injuries in baseball players, 39.8%
returned within 7 days. Oliver et al. revealed that 40.6% of all shoulder injuries in
softball returned within 7 days. The reasons for the higher proportion of return found in
this study is likely due to incorporating more than just baseball and softball athletes,
examining sprains only, and the different definitions used for return to play. Sprains to
the hand/fingers follow the same path as hand/finger fractures in that immobilization
techniques and playing casts allow for an earlier RTP than what is found in shoulder
injuries.47,116
5.8

Limitations
This research had several limitations that must be considered when interpreting

these results. The data presented here was used to calculate T-RTP estimates through
survival analysis. The definition of RTP used in the NATION-SP does not specify that
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the athlete has returned to full participation with no restrictions. The event date recorded
for return could represent that the athlete returned to some level of participation with
activity restrictions in place. One reason a case may be censored is due to lack of followup with the athlete. This lack of follow-up highlights the need for accurate reporting and
documentation of when an athlete returns to participation. Simply recording the date of
injury and date of return could greatly impact our knowledge of T-RTP and offer a more
robust account for providing time-based prognoses. Reporting elements are left to the
discretion of the AT and despite quality control efforts of the NATION-SP, data may
have remained missing or invalid.
Although more than 1,000 non-surgical, time-loss upper extremity injuries were
reported over the 5-year data collection period, only student-athletes participating at a
school that contributed to the NATION-SP were included. In addition, sampling weights
are not estimated as region of the study design making these data not generalizable to the
national population.122 This study only included injuries that were non-surgical. If the
surgery status was unknown, those cases were also excluded. In the current study,
analyses do not adjust for other prognostic factors or confounders. Other covariates such
as demographic information and injury characteristics were not included in this analysis
and will be examined in a follow-up study to determine their impact on T-RTP across
body regions.
5.9

Conclusion
At the First World Congress in Sports Physical Therapy in 2016, expert clinicians

gathered to form a consensus statement on returning to sport after injury.72

Upon

discussion of the upper extremity, it was determined that return to sport information is
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severely lacking for this body area. This study identified through time-to-event analysis
that the proportion of athletes returning to participation after a non-surgical time-loss
injury to the upper extremity was below 30% within the first 3 days; however, that
proportion increased to greater than 50% between 6-14 days, regardless of any other
factors.

This knowledge can aid the sports medicine team in providing a clinical

prognosis when determining the return to participation status. It is critical to recognize
that time for a tissue to heal is only one determinant to consider when returning an athlete
to participation. Several factors have to be considered such as patient demographics,
signs/symptoms, type of sport, competitive level, functional tests, and the assessment of
activity risks and tolerance to modifiers that all affect the decision of return to play.72
The T-RTP is a complex clinical decision and providing this vital prognosis adds to the
whole of evidence-based medicine.
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Table 5.1 Estimated season start and end dates
Sport
Season start
date
Football
August 1
Fall soccer (boys/girls)
August 1
Spring soccer (boys/girls)
December 15
Volleyball
August 1
Wrestling
November 1
Basketball (boys/girls)
November 1
Baseball/softball
February 1
Lacrosse (boys/girls)
February 1
Track and Field (boys/girls)
January 1
Tennis (boys/girls)
February 1
Swimming/Diving (boys/girls)
November 1
Gymnastics (girls)
November 1
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Season end
date
December 1
November 15
April 15
November 15
March 15
March 15
June 1
June 15
June 15
June 15
March 15
March 15

Season Duration
(days)
123
107
89
107
135
135
121
135
166
135
135
135

Table 5.2 Injured upper extremity body region by sport (n=1075).
Total Shoulder
Arm
Elbow Forearm
n
n
(Upper)
n
n
(%)
n (%)
(%)
(%)
Boys’
Sports
Football

566

Soccer
Volleyball
Basketball
Wrestling
Baseball
Ice
Hockey
Track &
Field
Lacrosse
Cross
Country
Girls’
Sports
Soccer
Volleyball
Basketball
Softball
Field
Hockey
Track &
Field
Lacrosse
Cross
Country
Swim
Tennis
Cheer
Total

13 (39.4)

25
4
73
84

256
(57.8)
6 (1.4)
--17 (3.8)
49 (11.1)

64
1

29 (6.5)
1 (0.2)

5

Wrist
n
(%)

Hand/
Fingers
n (%)

38
(50.0)
3 (3.9)
--5 (6.6)
6 (7.9)

48 (48.0)

167 (52.7)

9 (9.0)
--12 (12.0)
3 (3.0)

5 (1.6)
2 (0.6)
13 (4.1)
10 (3.2)

3 (9.1)
---

44
(41.5)
--2 (1.9)
6 (5.7)
14
(13.2)
9 (8.5)
---

5 (6.6)
---

5 (5.0)
---

13 (4.1)
---

4 (0.9)

---

---

---

1 (1.0)

1 (0.3)

25
1

11 (2.5)
---

3 (9.1)
---

3 (2.8)
---

1 (1.3)
---

1 (1.0)
1 (1.0)

6 (1.9)
---

15
59
54
51
7

1 (0.2)
19 (4.3)
21 (4.7)
16 (3.6)
1 (0.2)

--3 (9.1)
0 (0.0)
3 (9.1)
---

2 (1.9)
4 (3.8)
5 (4.7)
8 (7.5)
---

5 (6.6))
2 (2.6)
3 (3.9)
5 (6.6)
1 (1.3)

1 (1.0)
3 (3.0)
7 (7.0)
5 (5.0)
---

6 (1.9)
28 (8.8)
18 (5.7)
14 (4.4)
5 (1.6)

6

2 (0.5)

1 (3.0)

---

---

1 (1.0)

2 (0.6)

24
2

6 (1.4)
---

1 (3.0)
---

8 (7.5)
---

1 (1.3)
---

1 (1.0)
---

7 (2.2)
2 (0.6)

2 (6.1)
--1 (3.0)
2 (6.1)

4
3 (0.7)
--1 (0.9)
------3
--------2 (2.0)
1 (0.3)
2
1 (0.2)
1 (3.0)
--------1075
443
33
106
76
100
167
(100)
(100)
(100)
(100)
(100)
(100)
(100)
Frequencies are calculated using the total number of injuries in the body region and
includes both boys’ and girls’ sports.
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Table 5.3 Injury demographics and characteristics by body region
Injured Body Region
Total Shoulder
Arm
Elbow Forearm
(Upper)
Counts (n)
1075
443
33
106
76

Wrist
100

Hand/
Fingers
167

Returned to
Play
Yes
No (Censored)

810
265

323
120

22
11

78
28

54
22

83
17

250
67

Type of
Exposure
Competition
Practice

510
565

196
247

20
13

56
5

42
34

44
56

152
165

Year in School
Seventh Grade
Eighth Grade
Freshman
Sophomore
Junior
Senior
Unknown

5
12
281
256
267
242
12

2
2
92
106
121
117
3

--2
14
4
9
4
---

----27
24
30
25
---

1
2
26
21
12
14
---

1
1
46
14
22
15
1

1
5
76
87
73
67
8

519

238

15

46

33

40

147

229

92

5

24

29

36

43

147

20

4

8

5

10

100

6

3

---

---

---

2

1

51

33

2

9

---

5

2

62

42

3

12

3

1

1

60
1

15
---

4
---

7
---

5
1

6
---

23
---

Basic
Mechanism
Contact with
another person
Contact with
playing surface
Contact with
playing
apparatus
Countact with
out-of-bounds
object
No apparent
contact
Overuse/gradual
onset
Other/Unknown
Infection
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Table 5.3 (continued)
Injury
Assessment
ATC
ER
Physician
PT
PA
Other/Unknown
ER Transport
No
Unknown
Yes
New Injury
New Injury
Recurrence of
injury from
earlier in
current
academic year
Recurrence of
injury from a
previous
academic year
Chronic Injury
No
Unknown
Yes
Surface
Clay
Field turf
Floor mat
Gym/court floor
Hard court
Ice/snow
Natural grass
Other turf
Sand
Synthetic
Track
Track/trail
Trail
Unknown
Water

815
31
218
1
5
5

361
7
66
1
3
5

29
2
2
-------

82
1
22
--1
---

47
7
22
-------

66
4
29
--1
---

230
10
77
----5

1056
1
18

434
--5

33
-----

102
1
3

75
--1

100
-----

312
--5

988

391

31

96

74

95

301

37

20

2

2

2

2

9

50

32

---

8

---

3

7

1009
1
65

399
1
43

31
--2

93
--13

74
--2

100
-----

312
--5

16
187
84
194
15
1
535
5
2
3
6
5
1
17
4

7
80
48
67
1
1
223
1
--1
1
4
--6
3

1
7
3
4
----17
------1
---------

1
15
14
18
1
--53
------------3
1

1
15
6
11
----40
1
----------2
---

3
15
3
20
3
--49
2
1
--2
1
--1
---

3
55
10
74
10
--153
1
1
2
2
--1
5
---
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Table 5.4 Diagnoses across injured body regions (n=1075)
Total
Shoulder
Arm (Upper)
n=1075
n=443
n=33
Diagnosis
Abrasion
4
----Avulsion
1
----Avulsion/
2
----Fracture
Bursitis
6
2
--Contusion
179
33
10
(Hematoma)
Dislocation
56
24
--Entrapment/
15
11
--Impingement
Fracture
219
35
3
Fracture
1
--1
(Stress)
Inflammation
7
----Laceration
7
1
1
Nervous
13
9
--System
Spasm
1
----Sprain
302
146
--Strain
144
90
13
Subluxation
48
48
--Tendonitis
28
25
--Tendinosis
1
----Tenosynovitis
1
----Miscellaneous
40
19
5

Elbow
n=109

Forearm
n=76

Wrist
n=100

Hand/Fingers
n=317

-------

1
-----

-------

3
1
2

4
38

--19

--18

--61

5
4

-----

3
---

24
---

6
---

43
---

21
---

111
---

6
1
2

----2

-------

1
4
---

--25
10
--3
----2

1
--5
--------5

--42
11
----1
1
3

--89
15
--------6

Table 5.5 Kaplan Meier estimates of return to play by body region
Shoulder
Arm (Upper)
Elbow
P (95% CI)
P (95% CI)
P (95% CI)
Time interval
1 day
7.7 (5.2,10.3)
15.2 (3.1,27.4)
10.4 (4.5,16.3)
3 days
19.2 (15.5,22.9) 30.3 (14.6,46.0) 25.5 (17.3,33.7)
7 days
44.5 (39.8,49.2) 51.5 (34.5,68.6) 49.1 (39.5,58.7)
10 days
49.9 (45.2,54.6) 54.5 (37.5,71.6) 52.8 (43.4,62.2)
14 days
55.8 (51.1,60.5) 63.6 (47.1,80.1) 59.4 (50.0,68.8)
21 days
64.0 (59.5,68.5) 63.6 (47.1,80.1) 63.2 (54.0,72.4)
30 days
68.3 (64.0,72.6) 66.7 (50.6,82.8) 65.2 (56.2,74.2)
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Median Survival
11.0 (8,14)
Time (Days to
Return)
Interquartile
4-111
Range (25-75)
n/r indicates not reached in this sample

Forearm
P (95% CI)

Wrist
P (95% CI)

Hand/Fingers
P (95% CI)

1.3 (-1.3,3.9)
17.1 (8.7,25.5)
32.9 (22.3, 43.5)
40.8 (29.8,51.8)
50.0 (38.8,61.2)
55.3 (44.1,66.5)
58.1 (46.9,69.3)

13.0 (6.3,19.7)
30.0 (21.0,39.0)
55.0 (45.2,64.8)
63.0 (53.6,72.4)
71.0 (62.2,79.8)
73.0 (64.4,81.6)
78.0 (67.0,86.0)

12.9 (9.2,16.6)
28.4 (23.5,33.3)
53.6 (48.1,59.1)
58.7 (53.2,64.2)
63.1 (57.8,68.4)
67.5 (62.4,72.6)
71.4 (66.5,76.3)

7.0 (1,13)

8.0 (4,12)

14.0 (5,23)

6.0 (4,8)

7.0 (5,9)

2-n/r

3-60

5-71

3-23

3-36

Table 5.6 Median days to return to play (IQR) for select body regions and injury
diagnoses
Injured Body Region
Diagnosis
Fracture
Sprain

Shoulder

Elbow

Forearm

Wrist

Hand/fingers

111 (33-n/r)†

--

53 (12-71)

26 (7-72)

26 (6-n/r)

11 (5-41)

13 (7-n/r)

--

6 (2-16)

5 (2-14)

†indicates closest estimate to median as median was not reached in this sample
n/r indicates not reached in this sample
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Surgery Status
Yes or Unknown
N=222 (9.5%)
Shoulder
N=443 (41.2%)

NATION-SP 2014-2019
Upper Extremity Injuries
N=2,346

Non-time-loss Injury
N=1,049 (49.4%)

Surgery Status No
N=2,124 (90.5%)

Arm (Upper)
N=33 (3.1%)

Elbow
N=106 (9.9%)

Time-loss Injury
N=1,075 (50.6%)

Forearm
N=76 (7.1%)

Wrist
N=100 (9.3%)

Hand/Fingers
N=317 (29.5%)

Figure 5.1 Flowchart illustrating application of exclusion criteria
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Figure 5.2 Kaplan Meier survival curves for time to return to play by body region
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Figure 5.3 Kaplan Meier survival curves for time to return to play by fracture diagnosis and select body regions
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Figure 5.4 Kaplan Meier survival curves for time to return to play by sprain diagnosis and select body regions

CHAPTER 6. SUMMARY
The purpose of this dissertation was to describe the epidemiology of upper
extremity injuries by athletes in high school sports within three specific aims. Overall the
goal was to provide a more detailed report of time-loss and non-time-loss injuries to the
upper extremity by describing each individual body region.

Previous research has

merged body regions or only presented the sport, and has not addressed this level of
detail by reporting on injuries to six upper extremity body regions (shoulder, upper arm,
elbow, forearm, wrist, and hand/fingers) that may affect high school athletes. The other
novel aspect of this dissertation was to provide prognostic return to play (RTP)
timeframes when a time-loss injury occurred by using a survival analysis approach to
return to play for sports. The specific aims and findings for each of the three studies are
detailed below.
6.1

Specific Aim and Findings for Epidemiology of Time-loss Upper Extremity
Injuries in High School Sports
Aim: To describe the epidemiology of injuries involving the upper extremity in

high school athletes that specifically divides the upper extremity into distinct regions of
shoulder, upper arm, elbow, forearm, wrist, and hand/fingers.
Findings: In all sports, including both boys and girls, the shoulder (39.4%) and
hand/fingers (32.3%) accounted for more than two-thirds of all upper extremity injuries.
Frequent injury diagnoses in the entire upper extremity were sprains (37.0%), fractures
(28.5%), and contusions (11.7%) resulting primarily from contact, specifically contact
with another player (40.7%) or playing surface (20.4%).
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6.2

Specific Aim and Findings for Epidemiology of Non-time-loss Upper
Extremity Injuries and Associated Mechanisms in High School Sports
Aim: To describe the epidemiological patterns of non-time-loss injuries with

associated mechanisms for the upper extremity in high school athletes.
Findings:

In all sports, both boys’ and girls’, the hand/fingers (41.0%) and

shoulder (30.0%) sustained more non-time-loss injuries than all other areas of the upper
extremity. Diagnoses for hand/finger injuries were primarily sprains and contusions as a
result of contact with other players, the playing surface, or equipment. Diagnoses for
shoulder injuries varied among boys’ and girls’ sports however, an overwhelming
majority (83.3%) of girls’ injuries were considered overuse. Boys’ experienced over half
of their shoulder injuries (58.3%) due to contact with other players, equipment, and the
playing surface.
6.3

Specific Aim and Findings for Return to Play Timeframes after Non-Surgical
Time-loss Upper Extremity Injury in High School Sports: A Report from the
National Athletic Treatment, Injury and Outcomes Network (NATION)
Aim: To examine RTP timeframes using time-to-event analysis techniques for

non-surgical, time-loss injuries to the upper extremity and compare time to return across
body regions. A secondary comparison was carried out between body regions by the
most frequent injury diagnoses. All analyses excluded non-time-loss injuries and injuries
requiring surgical interventions. The primary hypothesis was that there would be no
difference in time to return to play (T-RTP) for time-loss injuries between these six body
regions.
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Findings: The log-rank test used with the Kaplan-Meier revealed statistical
significance between body regions for T-RTP when all injuries were considered. After
post-hoc analysis, no statistical significance was found as none of the fifteen comparisons
met the critical value. We failed to reject the null hypothesis that there was no difference
between T-RTP across all six body regions of the upper extremity. The range of median
T-RTP for all body regions was shortest at 6 days (CI95 4,8) for the wrist and longest at
14 days (CI95 5,23 days) affecting the forearm. Despite the lack of statistical significance,
there is clinical significance to this information as the T-RTP varied from less than one
week of time-loss but upwards of two-weeks from other body regions. The secondary
analysis examining median days to RTP for the two most common diagnoses of sprains
and fractures revealed that T-RTP for sprains was significantly different between the
shoulder and hand/fingers. Median T-RTP for shoulder sprains was 11 days (CI95 7,15
days) and 5 days (CI95 4,6 days) for hand/finger sprains. In the scenario when a fracture
occurs there was also a significant difference in T-RTP between shoulder and hand/finger
fractures, shoulder and wrist fractures, and shoulder forearm fractures. Median T-RTP in
shoulder fractures was not ever obtained in the sample, however at 111 days 47.2% of the
shoulder fractures had RTP. A median T-RTP was achieved by the other body regions.
This makes the true interpretation of this data challenging but it is clear a slower return to
play can be expected with a shoulder/clavicle fracture.
6.4

Synthesis and Application of Results
The overall purpose of this dissertation was to describe the epidemiology of upper

extremity injuries in high school athletes participating in a wide range of sports by
describing injury incidence and characteristics in all body regions of the upper extremity.
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This area of the body is less frequently injured in sports but in today’s society is very
important in communication due to the use of cell phones, texting, and other digital
technology. There is a high financial cost and a high disability index associated with
upper extremity injuries, specifically to the hand, which makes understanding how these
injuries affect some of the youngest athletes an important concept. This study supports
previous research that the shoulder is one of the most frequently injured body
regions.15,17,37,58 Yet, no previous report was found to specifically address time-loss or
non-time-loss injuries to the upper extremity in high school athletes as most reports were
sport or injury diagnosis specific. Keeping the six body regions separate from one
another throughout the analysis allowed for a clearer clinical picture.
This study provides a more comprehensive approach to examining the upper
extremity injured areas and injury mechanisms to better focus prevention strategies. The
most important findings were that the shoulder and hand/fingers sustained the majority of
injuries in both boys and girls. Mechanisms of injury varied with most boys’ injuries
coming from a contact mechanism; whereas in girls, time-loss injuries were from contact
yet non-time-loss injuries were caused by overuse or a non-contact mechanism. Nontime-loss injuries were previously shown to account for an overwhelming majority of
recorded injuries in high school athletes.

These injuries require a lot of time and

treatments from athletic trainers. Addressing the injury mechanisms, as shown in this
dissertation, may reduce non-time-loss injuries in athletes and associated workload by
athletic trainers. Typically, the focus on upper extremity injuries tends to be on the
shoulder and elbow in overhead athletes, specifically baseball, but what is shown here is
that injuries occurring at the shoulder and hand/fingers in contact-collision sports may be
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more prevalent. It is difficult to eliminate contact from contact-collision type sports;
however, understanding exactly where and how the injuries occur can lead to further
investigation of safety measures, rules, and surfaces that impact the incidence of injury.
Safety measures addressing the shoulder and hand/fingers in the form of equipment
designed to better protect the clavicle, padding, bracing, or rule changes to protect this
body region needs to be investigated. Educating athletes on proper fall techniques, as
done in paratroopers, is also an initiative worth exploring.
To determine RTP timeframes for time-loss upper extremity injuries, examination
of time-loss data using a novel approach of time-to-event analysis was conducted. Unlike
other studies reporting on RTP, the timeframes described in this dissertation account for
individuals who were and were not able to return during the season and provide a more
reflective estimate of time-loss due to injury.8,15,22,58 The importance of accounting for
those athletes who didn’t return keeps the proportion of those returning with that type of
injury from being underreported or skewed due to excluded cases. Some athletes did not
have a time-loss recorded for their injury and it was unknown whether or not they
actually returned to play or not. By simply documenting the date of injury and date of
return, these actions can help build a more robust portfolio of T-RTP measures to
represent what is occurring in daily clinical practice.
6.5

Clinical Implications
The findings of these studies have several clinical implications. This report

provides athletic trainers and other stakeholders a better understanding of how the upper
extremity is affected by both time-loss and non-time-loss injuries while participating in
high school sports.

These studies provide insight into the incidence, severity,
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mechanisms, and allow for stakeholders to consider to put into practice protective
measures for the prevention of upper extremity injuries, specifically addressing contact
injuries to the shoulder and hand/fingers in contact-collision sports. This adds to the
sequence of prevention model postulated by Willem Van Mechelen.40 It is within this
model that epidemiology and continued surveillance are an integral part of describing the
problem in the designated population.

Encouraging ATs and others to aid in data

collection efforts for a national database or through improved medical documentation of
their own works to further our understanding of sports injury. Athletes themselves will
have a better understanding of the risks of participation and how an injury to the upper
extremity may affect them. This enhanced understanding may lead to improved
compliance and adherence to injury prevention programs, rehabilitation plans, and
discussion of appropriate RTP timeframes. Additionally, the RTP timeframes described
by body region meet a need to support clinical decision making regarding returning to
sport.
6.6

Future Research
Future researched should be aimed at the development of interventions to reduce

contact injuries to the upper extremity and an examination of safety rules and protocols in
various sports where upper extremity injuries are most common. Further study into
specific risk factors and variables that affect T-RTP through more sophisticated statistical
analyses may help bring into focus those factors that may be modified to reduce injury
incidence. Injury surveillance efforts should also be continued to continue the injury
prevention research cycle.
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6.7

Conclusion
This dissertation research began by describing the upper extremity injury data

obtained from the NATION-SP. Results from each study provided a view into the injury
incidence and risk factors associated with participation in high school sports. Injury
surveillance programs are contributory in the development of a full clinical picture and
informing RTP clinical decision making. Our upper extremity, specifically the distal
portion of the forearm, wrist, and hand/fingers are used heavily in our daily technology
and communication methods. Preventing injuries to these body regions in high school
athletes may reduce healthcare, work, and personal burdens in the future.
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APPENDIX
APPENDIX. Summary of upper extremity injury frequencies and injury rates from
recent HS RIO publications
Author/
Title
UE
Practice Practice Comp
Comp
Year
Body
Freq
IR/1000
Freq
IR/1000
parts
AEs
AEs
Kerr, ZY The first Decade of Web- Shoulder 10.90%
0.25
13.10%
1.65
2018
Based Sports Injury
/Clavicle
Surveillance: Descriptive
Arm/
3.80%
0.09
4.20%
0.53
Epidemiology of Injuries
Elbow
in US HS Football (2005Wrist/
11.80%
0.26
9.90%
1.25
2006 through 2013-2014)
Hand
and NCAA Football
Clifton,
The first Decade of Web- Shoulder 2.90%
0.03
3.60%
0.09
DR
Based Sports Injury
/Clavicle
2018
Surveillance: Descriptive
Arm/
1.80%
0.02
3.00%
0.08
Epidemiology of Injuries
Elbow
in US HS Basketball
10.10%
0.11
8.30%
0.21
(2005-2006 through 2013- Wrist/
Hand
2014) and NCAA MBB
Pierpoint, The first Decade of WebLA
Based Sports Injury
2019
Surveillance: Descriptive
Epidemiology of Injuries
in US HS Boys' Lacrosse
(2005-2006 through 20132014) and NCAA LAX
Kroshus, The first Decade of WebE
Based Sports Injury
2018
Surveillance: Descriptive
Epidemiology of Injuries
in US HS Boys' Wrestling
(2005-2006 through 20132014) and NCAA
wrestling
Kerr, ZY The first Decade of Web2018
Based Sports Injury
Surveillance: Descriptive
Epidemiology of Injuries
in US HS Boys' Soccer
(2005-2006 through 20132014) and NCAA Soccer

Shoulder
/Clavicle
Arm/
Elbow
Wrist/
Hand

7.60%

0.09

12.90%

0.55

2.80%

0.03

3.00%

0.13

8.10%

0.1

8.60%

0.36

Shoulder
/Clavicle
Arm/
Elbow
Wrist/
Hand

14.10%

0.27

21.00%

0.77

10.00%

0.19

10.10%

0.37

9.00%

0.17

6.30%

0.23

Shoulder
/Clavicle
Arm/
Elbow
Wrist/
Hand

2.40%

0.03

4.00%

0.15

1.30%

0.01

1.50%

0.06

5.50%

0.06

4.70%

0.17
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Appendix (Continued)
Lynall,
RC
2018

Wasserman, EB
2019

Kerr, ZY
2018

Wasserman, EB
2019

Clifton,
DR
2018

The first Decade of WebBased Sports Injury
Surveillance: Descriptive
Epidemiology of Injuries
in US HS Boys' Ice
Hockey (2008-2009
through 2013-2014) and
NCAA Men's and
Women's Ice hockey

Shoulder/
Clavicle
Arm/
Elbow
Wrist/
Hand

10.80%

0.08

22.10%

1.25

3.60%

0.03

4.50%

0.25

10.80%

0.08

7.50%

0.42

The first Decade of WebBased Sports Injury
Surveillance: Descriptive
Epidemiology of Injuries
in US HS Baseball
(2005-2006 through
2013-2014) and NCAA
BSB

Shoulder/
Clavicle
Arm/
Elbow
Wrist/
Hand

18.50%

0.12

11.80%

0.18

12.20%

0.08

11.90%

0.18

12.40%

0.08

15.40%

0.24

The first Decade of WebBased Sports Injury
Surveillance: Descriptive
Epidemiology of Injuries
in US HS Volleyball
(2005-2006 through
2013-2014) and NCAA
VB

Shoulder/
Clavicle
Arm/
Elbow
Wrist/
Hand

8.50%

0.09

4.40%

0.06

2.00%

0.02

19.00%

0.04

9.60%

0.1

14.10%

0.18

The first Decade of WebBased Sports Injury
Surveillance: Descriptive
Epidemiology of Injuries
in US HS Softball (20052006 through 2013-2014)
and NCAA SB

Shoulder/
Clavicle
Arm/
Elbow
Wrist/
Hand

10.10%

0.09

7.20%

0.12

7.50%

0.06

4.90%

0.08

15.20%

0.13

16.60%

0.29

The first Decade of WebBased Sports Injury
Surveillance: Descriptive
Epidemiology of Injuries
in US HS Girls'
Basketball (2005-2006
through 2013-2014) and
NCAA WBB

Shoulder/
Clavicle
Arm/
Elbow
Wrist/
Hand

3.30%

0.04

3.50%

0.12

1.00%

0.01

1.90%

0.06

9.60%

0.11

7.50%

0.26
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Lynall,
RC
2018

Appendix (Continued)
The first Decade of Web- Shoulder/ 0.80%
Based Sports Injury
Clavicle
Surveillance: Descriptive Arm/
0.80%
Epidemiology of Injuries Elbow
in US HS Girls' Field
Wrist/
3.90%
Hockey (2008-2009)
Hand
through 2013-2014) and
NCAA WBB

0.01

1.50%

0.04

0.01

1.10%

0.03

0.05

17.20%

0.45

Pierpoint, The first Decade of WebLA
Based Sports Injury
2019
Surveillance: Descriptive
Epidemiology of Injuries
in US HS Girls' LAX
(2008-2009) through
2013-2014) and NCAA
WLAX

Shoulder/
Clavicle
Arm/
Elbow
Wrist/
Hand

0.60%

<0.01

2.00%

0.05

0.90%

1%

1.70%

0.04

2.90%

0.03

8.20%

0.19

DiStefano, LJ
2018

Shoulder/
Clavicle
Arm/
Elbow
Wrist/
Hand

1.90%

0.02

1.70%

0.09

1.10%

0.01

1.40%

0.07

3.30%

0.04

3.80%

0.2

The first Decade of WebBased Sports Injury
Surveillance: Descriptive
Epidemiology of Injuries
in US HS Soccer (20052006 through 2013-2014)
and NCAA WSOC
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Department of Exercise and
Sport Science

Role

Level

Senior Clinical
Faculty

Bachelor’s and
Master’s
Programs

2015
(Spring)

Berea College, Health and
Human Performance Program

Lecturer

Bachelor’s

2012-2016

Eastern Kentucky University,
Athletic Training Program,
Department of Exercise and
Sport Science

Adjunct
Faculty/Clinical
Lab Preceptor

Bachelor’s

2010-2012

Berea College, Biology
Program

Lecturer

Bachelor’s

2005-2010

Indiana State University,
Athletic Training Program,
Department of Applied
Medicine and Rehabilitation

Instructor

Bachelor’s

Years
2016Present

IV.

ADMINISTRATIVE ACTIVITY AND UNIVERSITY SERVICE

Years

Location

Committee Name

Level

Your role

2016present

Eastern
Kentucky
University

Student
Recruitment
Committee

University

Member

2016present

Eastern
Kentucky
University

CAATE SelfStudy/Site Visit
Committee

University

Member

2016present

Eastern
Kentucky
University

Department Social
Committee

University

Member
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2009-2010

Indiana State
University

Athletic Training
Student
Association

University

Faculty Advisor

2008-2009

Indiana State
University

Newsletter

University

Co-Author

2007-2009

Indiana State
University

Faculty Search
Committees

University

Member

2006-2008

Indiana State
University

Student
Recruitment
Activities

University

Volunteer

V.

HONORS

Date
Awarded

Name of Award

Description of
Award

Organization

Spring 2021

Distinguished Education
Leader Award

Outstanding Service
Certificate

Student Government
Association

Spring 2020

Outstanding Instructor
Nominee

Teaching Award

Department of First
Year Courses at
EKU

Spring 2019

Outstanding Instructor
Nominee

Teaching Award

Department of First
Year Courses at
EKU

Spring 2015

Floyd H. Wright
Scholarship

Scholarship

College of Health
Sciences, University
of Kentucky

Spring 2010

Outstanding Faculty
Member

Teaching Award

Residential Life and
Academic Peer
Advocates, Indiana
State University

Spring 2008

Outstanding Instruction
for First Year Students

Teaching Award

Office of Residential
Life, Indiana State
University

Spring 2001

Cum Laude in the Honors

Honors

Missouri State
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College

University

1997-2001

Missouri State Board of
Governors Scholarship

Scholarship

Missouri State
University

1997-2001

Missouri State University
Leadership Scholarship

Scholarship

Missouri State
University

136

